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ABSTRACT OF DISSERTATION

INVESTIGATING DISCUSSION FORUM IMPACT ON STUDENTS’ SOCIAL
JUSTICE BELIEFS IN ONLINE UNDERGRADUATE MATHEMATICS COURSES:
A MIXED METHODS STUDY
While teaching math for social justice and equity has become a heavily researched
topic in recent decades with Jo Boaler (2008, 2015, 2016), Rochelle Gutiérrez (2009,
2013), and Eric (Rico) Gutstein (2003, 2006, 2007, 2013) emerging as recent leaders in
the charge, the focus has consistently remained on traditional classroom teaching (e.g.
Boaler, 2008; Gutiérrez, 2009; Gutstein, 2003). This convergent design mixed methods
study investigated the impact of teaching math for social justice in the online learning
environment, specifically, the impact of discussion forums on students’ social justice
beliefs in fully online undergraduate math courses.
Quantitatively, 56 students completed pre- and post-course demographic and
Likert-scale surveys adapted from the Learning to Teach for Social Justice – Beliefs
Scale (Ludlow et al., 2008). This data was used to determine a pre- and post-course
Social Justice Score and analyzed using t-tests and ANOVA in SPSS. Qualitatively,
students completed eight weekly discussion forums relating mathematical concepts to
social justice issues. Data for students completing required forums (n = 40) was then
compiled, coded, and analyzed for common themes. The combination of quantitative and
qualitative were then analyzed under the convergent design of mixed methods. While
statistically significant results were not found in the quantitative data as defined by p <
.05, analysis of the qualitative data and analysis of the merged data resulted in optimistic
outcomes and lays groundwork for future research in teaching math for social justice
beyond the classroom.
KEYWORDS: online learning, social justice, discussion forum, mathematics, higher
education
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CHAPTER 1. INTRODUCTION
“Choosing not to incorporate tasks that require students to critique and understand the
world is itself a political position, one of political passivity. Conversely, choosing to
incorporate those tasks is an act of empowerment.” (Berry et al., 2020, p. 18)

1.1

Rationale of the Study
The years 2020, 2021, and 2022 have brought to the forefront many words and

phrases: BLM (Black Lives Matter), Antifa, Proud Boys, defund police, Democrat,
Republican, Trump, Biden, Facebook, Twitter, Parler, COVID-19, vaccination, soaring
unemployment, business shutdowns, distance learning, working remotely, inflation,
recession. All of these movements have led to great changes in our country, our
economy, and our society. But all of these words and phrases share another powerful
connection: humans. Humans with like mindsets powerfully banded together in various
efforts to achieve their desired outcomes, while humans with differing mindsets refused
to listen to and work with one another leading to moments of utter destruction and chaos
(e.g., Duque et al., 2020; Watson et al., 2020; Thirteen Charged in Federal Court
Following Riot at the United States Capitol, 2021). If ever a time is needed to work
together and listen to one another, the time is now.
But how can we as educators work to accomplish the goal of developing our
students into humans who will listen to others and work together, even if their viewpoints
are different? Or as Conway states that he questioned himself, “How was I empowering
my students to be agents of change in their lives and others’ lives?” (Berry et al., 2020, p.
5). One possible approach is to bring issues of social justice into our daily lessons.
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Through such we can work to strengthen student connections between academic content
and real-world challenges. As National Council of Teachers of Mathematics (NCTM)
President Trena Wilkerson, NCTM Past President Robert Q Berry, III, and the Board of
Directors concluded their joint statement issued following the events that took place at
the U.S. Capitol building on January 6, 2021, “As mathematics teachers we teach more
than mathematics” (NCTM Statement on Events of January 6, 2021).
By exposing students to issues of social justice in a controlled educational
environment, we can work toward the goal of developing citizens focused on social
justice for all in every situation. Gutstein (2006) states, “Students need to be prepared
through their mathematics education to investigate and critique injustice, and to
challenge, in words and actions, oppressive structures and acts – that is, to ‘read and write
the world’ with mathematics” (p. 4).

1.2

Statement of the Problem
While teaching math for social justice and equity has become a heavily researched

topic in recent decades with Jo Boaler (2008, 2015, 2016), Rochelle Gutiérrez (2009,
2013), and Eric (Rico) Gutstein (2003, 2006, 2007, 2013) emerging as recent leaders in
the charge, the focus has consistently remained on traditional classroom teaching (e.g.,
Boaler, 2008; Gutiérrez, 2009; Gutstein, 2003).
During the same time recent time period, enrollment numbers for online and
distance learning have exploded in growth. In the fall of 2018, over 6.9 million students
were enrolled in distance education courses at degree-granting postsecondary institutions
(Fast Facts, n.d.). In the year 2020, the response to the worldwide coronavirus pandemic
required nearly all higher education institutions in the United States to transition to online
2

learning environments. This included not only hybrid courses, but also those scheduled to
be taught in the traditional classroom. The online learning platform was imperative in
allowing these educational institutions to complete their terms, and students to continue
in their programs during a time in which in-person gatherings were unavailable
(Smalley, 2020).
This need for quick transition to fully online learning led to many challenges for
postsecondary educators. While some aspects of teaching in the classroom were fairly
easy to replicate, such as live or recorded lectures through Zoom, other parts were more
difficult, such as interactive discussions typically held in a classroom. Professors and
students alike worked to find creative ways to make the best of the situation and sought
new and existing resources to bridge the gaps. Such gaps include the need to keep
students engaged in the course and to help the students to better understand the current
events of world around them, all the while still covering the required content.
With the rapidly increasing growth in online enrollment, and the demonstrated
need for online learning in a time of crisis, we must take care to address all needs of our
learners, regardless of the learning environment. More attention must be given to
addressing difficult topics – such as social justice – in all learning environments, not just
the classroom.

1.3

Purpose of the Study and Research Question
The purpose of this study was to investigate the use of discussion forums in online

undergraduate math courses to introduce students to thinking with a social justice
mindset. The focus of the study was the impact discussion forums with a social justicebased prompt have on the students’ social justice beliefs. This study was conducted on
3

students enrolled in fully online undergraduate general education math courses at a
private, Baptist-affiliated university. By examining student responses to social justicerelated statements completed before and after involvement in social justice-based
discussion forums and through the use of pre- and post-course surveys, this study sought
to provide insight into the impact on students’ social justice beliefs. Consequently, this
study sought to provide an easily integrable method for teachers to address issues of
social justice in the online learning environment and further student understanding of
social justice issues. The study addressed the following research question:
•

How do social justice-based discussion forums in online undergraduate math
courses impact students’ social justice beliefs?

1.4

Theoretical Framework
Building on the classical works of Skovsmose, Frankenstein, Freire, and Ladson-

Billings, among others, Gutstein is part of a mathematical team which synthesized what
they called community, critical, and classical knowledge, or the “three C’s.” Discussion
of the three C’s was originally published in the book “Reading and Writing the World for
Mathematics: Toward a Pedagogy for Social Justice” (Gutstein, 2006), and further
refined in Gutstein’s 2007 article “Connecting Community, Critical, and Classical
Knowledge in Teaching Mathematics for Social Justice.”
Osler’s (2007) paraphrasing of the three C’s from Gutstein’s article is adapted to
arrive at the following. Community knowledge deals with things the student has learned
outside the classroom in their community. It includes how people understand their own
lives, their own communities, power relationship, and their own society. Critical
knowledge refers to how the student understands things to be the way they are. It includes
4

various social phenomena and historical, political, or cultural events. Finally, classical
knowledge deals with the knowledge the student has gained in traditional classroom
learning in a formal environment.
The goal for this study was to construct a teaching format that incorporated and
connected the three C’s. By including what the student already knew from personal
experiences, the way the student saw the world, and the formal education provided to the
student in the classroom, the study strove to engage students in topics in which they are
interested, validate the knowledge they already possessed, and add value to their growth
in formal knowledge.

1.5

The Researcher
It must be clearly communicated the level of connection I, as the researcher, had

with the research subjects. Of most importance, the researcher was the professor for each
of the course sections included in the study. This required extra caution in informing
students of the scope of the study and any impacts it may have on their course
experience. The students were provided pertinant information regarding the study via a
letter of invitation to participate before the course began. Students were clearly informed
that participation in the study was optional, their choice to participate or not participate in
the study would not affect their course grade nor would it impact the amount of work
required, and that no one would know if they chose to participate or not participate in the
study until the course was completed and the course grades were officially submitted.
Students were informed their names would be removed from the data before analysis and
no data would be analyzed by the researcher until the above conditions were met. As the
students were enrolled in fully online courses, no face-to-face contact was made between
5

the students and the researcher. Direct contact was limited to online correspondence
through email and the online learning platform messaging system (equivalent to email).
The researcher did not discuss issues of social justice directly with the students to prevent
any influence. Students were also provided alternate contact points for the study. These
are some of many preventative measures sought to avoid any influence on the study that
could arise from the researcher being the professor.

1.6

Definitions
Classroom learning refers to an instructional delivery system with both the students

and the faculty member in the same physical space.
Course refers to the class in which a student is enrolled. For this study, the
courses being considered are College Mathematics and College Algebra.
Distance learning is a formal instruction in which a majority of the teaching
function occurs while an educator and learner are at a distance from one another (Verduin
& Clark, 1991).
Higher education refers to undergraduate-level or graduate-level coursework.
Hybrid instruction refers to an instructional delivery system which combines
distance learning and face-to-face teaching.
Moodle/Engage is the online learning management system utilized at the field site.
It is used for the delivery of online classes, as well assisting face-to-face and hybrid
instruction.
Online class or online course refers to any class or course being taught through
online education means.
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Online education is a flexible instructional delivery system that encompasses any
kind of learning that takes place via the Internet ("Online Education", n.d.). Online
education is oftentimes referred to under the umbrella of distance learning.
Online instruction refers to the teaching methods, content delivery, and assessments
used in education that takes place over the internet, i.e. the teaching methods, content
deliver, and assessments used in online education.
Online learning refers to education that takes place over the internet, i.e. the
learning that results from online education.
Section refers to a subgroup of students enrolled in the same course, and in a shared
learning environment. For example, a section of College Algebra would be students taking
College Algebra and sharing the same learning space, virtually or physically.
Social justice refers to each and every individual being treated with equivalently
high levels of respect and dignity by other individuals and society as a whole.
Teaching math for social justice refers to a method of delivering mathematical
content in an intentional manner so as to encourage students to think critically, apply
quantitative literacy skills, and take action in order create a more socially just world.

1.7

Organization of Dissertation
This study is organized into five chapters. Chapter One provides an introduction to

the topic. It describes the purpose for this research and states the research question. It also
includes study-specific terminology. Chapter Two reviews relevant literature for this study.
It provides an overview of relevant frameworks, curricula, educator preparation, and the
online learning environment. Chapter Three details the overall methodology used in this
research study, including both quantitative and qualitative methods used, how the data was
7

combined, and how the current study was informed by the pilot study. Chapter Four
provides the outcome of the data analysis. Chapter Five presents a discussion of the results,
conclusions, and the implications for future research.
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CHAPTER 2. LITERATURE REVIEW
The following review considers four teaching mathematics for social justice
frameworks and three overarching ideas that are important for understanding teaching
math for social justice and teaching in the online learning environment. First, each of the
four frameworks will be briefly discussed. Then, the overarching ideas will each be
outlined. These ideas include: (1) existing curricula designed for teaching mathematics
for social justice, (2) educator preparation for teaching for social justice, (3) the online
learning environment.

2.1

Theoretical Frameworks - Teaching Mathematics for Social Justice
There are several recent frameworks relating issues of social justice and

mathematics. The framework chosen for this study, Gutstein’s Three C’s (Gutstein,
2012), as well as two other commonly used frameworks – Gutiérrez’s Four Dimensions
of Equity (Gutiérrez, 2009) and Boaler’s relational equity model (Boaler, 2008), along
with a newer framework called the Social Justice Mathematics Framework (Berry et al.,
2020), are briefly described. Common themes across the frameworks are then discussed.
2.1.1

Gutstein’s Three C’s

Building on the classical works of Skovsmose, Frankenstein, Freire, and LadsonBillings, among others, Dr. Gutstein is part of a mathematical team which synthesized
what they called community, critical, and classical knowledge, or the “three C’s.”
Discussion of the three C’s was originally published in the book “Reading and Writing
the World for Mathematics: Toward a Pedagogy for Social Justice” (Gutstein E. ,
Reading and Writing the World with Mathematics: Toward a Pedagogy for Social
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Justice, 2006), and further refined in the Gutstein’s 2007 article “Connecting Community,
Critical, and Classical Knowledge in Teaching Mathematics for Social Justice.”
2.1.1.1 The First C: Community Knowledge
Community knowledge refers to knowledge that a student brings with them from
personal life experiences. This knowledge has usually been learned outside of the school
setting. According to Gutstein, it also means “the cultural knowledge people have,
including their languages and the ways in which they make sense of experiences”
(Gutstein, 2012, p. 300).
Friere demonstrated the value of community in Pedagogy of Hope (Freire, 1994)
when he responded to experienced Chilean farmers referring to him as “professor” and
seeking his traditional knowledge as opposed to their experiential knowledge. He
challenged them a game in which they each must stump the other with questions they
could not answer. Each party – Freire and the farmers – succeeded in stumping the other
party. This demonstrated the importance and value of community knowledge as well as
traditional (classical) knowledge.
2.1.1.2 The Second C: Critical Knowledge
Critical knowledge refers to an individual’s understanding of why things are the
way they are (Gutstein, 2012; Osler, 2007). It is “knowledge about the sociopolitical
conditions of one’s immediate and broader existence” (Gutstein, 2012, p. 301). This
includes knowledge about the historical, economical, political, and cultural roots of
various social phenomena (Gutstein, 2012).
The lines between community and critical knowledge tend to blur as they impact
one another. Gutstein states, “It is often the case that community knowledge already is
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critical, but context matters” (Gutstein, 2012, p. 301). He explains how relatively young
adolescents are less likely to have community knowledge that is also critical whereas
adults are more likely to be engaged in various struggles leading to them having
community knowledge that is also critical knowledge (Gutstein, 2012).
Gutstein (2012) draws the following conclusion regarding Freire’s work as it
relates to community and critical knowledge:
A major thesis of Freire’s work is that problem-posing pedagogies can present life
situations back to people … so that they may post questions themselves and
transform their community knowledge into a more critical state, and consequently
be drawn into action to challenge unequal, oppressive relations of power. (p. 302)
2.1.1.3 The Third C: Classical Knowledge
Classical knowledge refers to “formal, in-school, abstract knowledge …
[including] … competencies they need to pass all the gate-keeping tests they will face
and to have full opportunities for life, education, and career choices” (Gutstein E. ,
Connecting Community, Critical, and Classical Knowledge in Teaching Mathematics for
Social Justice, 2012) p. 302. Gutstein (2012) emphasizes the importance our society
places on classical mathematical knowledge in the following excerpt:
Classical mathematical knowledge clearly has high-status in society, as many
have commented (e.g., Apple, 2004), as well as a strong Eurocentric bias
(Frankenstein & Powell, 1994; Joseph 1997). Nonetheless, while we critique it,
we recognize its power and cultural capital and argue that students need to
develop it for several reasons. They need it for personal, family, and community
survival, especially for students who come from economically marginalized
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spaces. But even more than that, we believe it is crucial that students appropriate,
in this case, the “master’s tools” with which to dismantle his house (cf. Lorde,
1984). (p. 302)
2.1.1.4 Summary
Osler concludes the goal should be should be to fall “in the nexus of these three
fields” (2007, p. 11). He states the projects should be “rooted in solid mathematical ideas
(Classical), explore important social justice issues (Critical), and honor the history and
experiences of the students (Community) that you are working with” (2007, p. 11). To
demonstrate this goal of falling into the intersection of the three C’s, Osler created the
following Venn diagram.

Figure 2.1 Venn Diagram of Gutstein’s Three C’s

2.1.2

Gutiérrez’s Four Dimensions of Equity

A well-known name in the study of social justice and equity (or “re-humanizing”)
in mathematics education, Gutiérrez (2009) states the following:
“Equity” is a hot topic in mathematics education these days. However, for many
people, addressing equity issues rarely moves beyond the goal of closing the
achievement gap (Gutiérrez, 2008). For me, equity is ultimately about the
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distribution of power-- power in the classroom, power in future schooling, power
in one's everyday life, and power in a global society (Gutiérrez, 2002).
This drive for equity and social justice led to the development of her four dimensions of
equity framework including: (1) access, (2) achievement, (3) identity, and (4) power.
2.1.2.1 Dimension 1: Access
“Access relates to the resources that students have available to them to participate
in mathematics” (Gutiérrez, 2009, p. 5). This can include the everything from the
classroom resources to the teaching staff to the school environment to the student’s
overall learning environment. The focus of this dimension is the student’s “opportunity to
learn” (Gutiérrez, 2009, p. 5). A weakness of focusing only on access is the failure to
redress past injustices (Gutiérrez, 2009).
2.1.2.2 Dimension 2: Achievement
The achievement dimension focuses on student outcomes including grades/scores
and continuation of further math course enrollments. Gutiérrez (2009) argues that
“[m]oving from mere access to achievement is important when considering that there are
serious economic and social consequences…” (p. 5) if one is unable to continue in many
paths that require mathematical aptitude.
2.1.2.3 Dimension 3: Identity
With different cultures historically placing varying levels of importance on the
studies of particular subjects, a student’s identity must be considered in the study of
equity. It is noted that “many students find themselves down playing some of their
personal, cultural, or linguistic capacities in order to participate in the classroom or the
math pipeline” (Gutiérrez, 2009, p. 5). Gutiérrez goes on to state:
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… the identity dimension also concerns itself with a balance between self and
others in a global society and acknowledges ways students are racialized (Martin,
2007), gendered and classed (Walkerdine, 1988). It includes whether students
have opportunities to draw upon their cultural and linguistic resources (e.g., other
languages and dialects, algorithms from other countries, different frames of
reference) when doing mathematics, paying attention to the contexts of schooling
and to whose perspectives and practices are “socially valorized” (Abreu & Cline,
2007; Civil, 2006). (2009, p. 5)
Gutiérrez adds that the goal of this dimension is not to “replace traditional mathematics
with a predefined ‘culturally relevant mathematics’ … but rather to strike a balance
between opportunities to reflect on oneself and others as part of the mathematics learning
experience” (Gutiérrez, 2009, p. 5).
2.1.2.4 Dimension 4: Power
While Gutiérrez (2009) notes that many teachers mistaken “empowerment” for
improved scores (achievement), the final dimension actually focuses on social
transformation. Gutiérrez (2009) further explains:
This dimension could be measured in voice in the classroom (e.g., who gets to
talk, who decides the curriculum) (Morales, 2007; Zevenbergen, 2000; Adler,
1998), opportunities for students to use math as an analytic tool to critique society
(e.g., exploring “risk” in society) (Mukhophadyay & Greer, 2001; Skovsmose &
Valero, 2001; Gutstein, 2006), alternative notions of knowledge (D'Ambrosio,
2006), and rethinking the field of mathematics as a more humanistic enterprise
(Gutiérrez, 2002). (p. 6)
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2.1.2.5 Summary
Gutiérrez places her four dimensions on two intersecting axes: the dominant axis
and the critical axis. Organizing the four dimensions as shown in the following diagram,
we are informed that Access and Achievement dimensions can be considered to be the
dominant axis. This axis prepares “students to participate economically in society and
privileg[es] a status quo” (Gutiérrez, 2009, p. 6) hence the “playing the game” part of the
article title. The remaining dimensions, Identity and Power, form the critical axis. This
axis “ensures that students' frames of reference and resources are acknowledged in ways
that help build critical citizens” (Gutiérrez, 2009, p. 6), relating to the “changing the
game” part of the article title. Dr. Gutiérrez (2009) argues that “[a]ll four dimensions are
necessary if we are to have true equity” (p. 6).

Figure 2.2 Gutiérrez’s Four Dimensions of Equity

2.1.3

Boaler’s Relational Equity Theory

Boaler’s (2008) framework comes as the result of her widely cited study of three
high schools (referred to as Railside, Hilltop, and Greendale). In the study, Boaler
defined the theory of “relational equity” as “equitable relations in classrooms; relations
that include students treating each other with respect and considering different viewpoints
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fairly” (p. 168). This theory consists of three dimensions: (1) respect for other people’s
ideas, (2) commitment to the learning of others, and (3) learning methods of
communication and support.
2.1.3.1 Dimension 1: Respect for Other
People’s Ideas
The first dimension, respect for other people’s ideas transcends beyond the
classroom. Boaler (2008) states students involved in her study developed “respect that
they learned for different ideas and viewpoints… This respect was particularly important
because students came from diverse backgrounds and cultural groups” (p. 182).
2.1.3.2 Dimension 2: Commitment to the
Learning of Others
Boaler (2008) notes two major themes emerged within the second dimension. The
first is that of reciprocity – i.e. the concern students developed for each other’s learning.
The second theme is described as responsibility when things go wrong. This reflects the
actions they took when other students were not working. With the support provided by
teaching staff at Railside, students were taught to be responsible for each other’s learning.
2.1.3.3 Dimension 3: Learning Methods of
Communication and Support
The final dimension concerns “the practical ways students learned to help each
other, for it cannot be assumed that if students are placed in groups they will know how
to support and help each other, even if they are motivated to do so” (Boaler, 2008, p.
172).
2.1.3.4 Summary
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Boaler’s goal in her research was not to create a framework, but collect data on
different mathematics teaching methods at different schools over a 4-year period. As she
conducted her studies, the above three dimensions emerged leading to the creation of the
framework. This led to the development of the term “relational equity” coined by Boaler
(2008).
2.1.4

Social Justice Mathematics Framework

In Berry, Conway, Lawler, and Staley’s “High School Mathematics Lessons to
Explore, Understand, and Respond to Social Injustice” (Berry et al., 2020), the lessons
were formed to align with a framework they established and dubbed the Social Justice
Mathematics Framework. This framework consists of six design principles “to maximize
the learning opportunities afforded by the intersection of mathematics content and social
justice goals” (p. 58). It is noted that the six design elements have similarities to the
lesson design structure of Project-Based Learning but the focus is now placed on
“examining a social justice issue with mathematics so that we can take action” (p. 58).
The six elements, briefly described below, are: (1) equitable mathematics teaching
practices; (2) authentic, challenging social and mathematical question or concern; (3)
social and mathematical understanding; (4) social and mathematical investigation; (5)
social and mathematical reflection; and (6) action and public product.
2.1.4.1 Element 1: Equitable Mathematics
Teaching Practices
This framework requires that social justice math lessons be structured in a way
that “allows the teacher to enact equitable mathematics teaching practices” which “help
teachers establish a classroom culture and environment that is ready to take on the
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challenge of integrating social justice lessons in the mathematics classroom” (Berry et al.,
p. 58). In particular, eight mathematics teaching practices (National Council of Teachers
of Mathematics, 2014) and five equity-based practices (Aguirre et al., 2013) are
encouraged. Among the equity-based practices are affirming mathematics learners’
identities and challenging spaces of marginality. Educators are also encouraged to draw
on multiple resources of knowledge including math, culture, language, family, and
community.
2.1.4.2 Element 2: Authentic, Challenging
Social and Mathematical Question or
Concern
Lessons should be “grounded in a question or concern that could arise from
students, allowing for authentic and challenging learning” such as “ability, civil rights
and government laws, class, economics, environmental rights, gender and sexual identity,
health, immigration, opportunity, race and ethnicity, and rights and activism” (Berry et
al., 2020, p. 59). Berry et al. contend that these “contexts can help students to observe
patterns, critique information, learn to ask questions, and reflect” (p. 59). They further
state that choosing “local, authentic context can serve as a powerful way to increase
student engagement and motivation to learn mathematics, understand the social injustice,
and plan and carry out collective action” (p. 59).
2.1.4.3 Element 3: Social and Mathematical
Understanding
Element 3 emphasizes not only the need for traditional mathematics
understanding such as reasoning, justification, and proof, but also the need for social
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understanding. Lessons should “clearly identify what students need to know and
understand mathematically and socially when engaged” (Berry et al., 2020, p. 59). Three
goals are provided for assessment:
1. Mathematics content – what we want students to know and be able to do
2. Mathematics practices – how we want students to show what they know and
can do
3. Social justice standards – how we want students to demonstrate their
understanding of and response to an issue (Teaching Tolerance, 2016)
2.1.4.4 Element 4: Social and Mathematical
Investigation
With the questions being brought about by students, special attention must be paid
to ground lessons in a “mathematically driven investigation of the social context” (Berry
et al., 2020, p. 60). Student involvement in topic selection “can positively impact …
students’ social and cultural identities” (p. 60). Five strategies to support discourse in
social justice math lessons are provided for each mathematical discourse and social
justice discourse. Both sets of strategies hinge on five key words: (1) anticipating, (2)
monitoring, (3) selecting, (4) sequencing, and (5) connecting (p. 50).
2.1.4.5 Element 5: Social and Mathematical
Reflection
It is recommended to provide individual, pair, small-group, and whole-class
opportunities for students to reflect on the social justice math lessons. Reflection can be
promoted by the level of cognitive demand of the task, the questions posed by the teacher
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and peers, and discussion about the solution methods of ideas with peers (Berry et al.,
2020).
2.1.4.6 Element 6: Action and Public Product
The final element of the framework provides and opportunity for students to take
action or develop a public product (Berry et al., 2020). Berry et al. state, “Unless some
form of action was included, a lesson could not fully achieve the potential we hoped to
see” (p. 60). In providing example lessons, Berry et al. asked that
each lesson include a taking action or public product element that aligned with the
Teaching Tolerance Social Justice Standards, in which students express empathy,
recognize their own responsibility, speak up with courage and respect, make
principled decisions about when to take a stand against bias, or plan and carry out
collective activism” (p. 60-61).
2.1.4.7 Summary
Cycles created by the six design elements of the Social Justice Mathematics
framework are illustrated in Figure 2.3. The inner cycle represents the endless loop
moving from social and mathematical understanding to reflection to investigation and
back to understanding. The outer cycle intertwines with the inner cycle demonstrating the
value of considering authentic, challenging social and mathematical questions or
concerns, as well as the resulting action or public product. When the cycles are
combined, equitable mathematics teaching practices can be achieved.
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Figure 2.3 Social Justice Mathematics Framework
The hope of this framework is “not minimizing the role of the lesson’s
mathematics but allow[ing] students to share how they mathematics has helped shape
their understanding of the social injustice” (Berry et al., 2020, p. 61). Berry et al. state the
end result of investigating a social injustice is often a deeper understanding and
awareness that somehow connects to (1) identity (how we view ourselves), (2) diversity
(how we view others and their perspectives), and (3) justice (how we view fairness and
unfairness, unequal power relations, and the impact of bias) (p. 61).
2.1.5

Common Themes and Summary

From the frameworks described above, three common themes emerge. First, each
framework retains sight of the need to cover mathematical concepts. While learning
social justice in the mathematics classroom is the goal, the mathematical knowledge
necessary to thrive in daily life must be attained. Second, each framework seeks to
recognize and appreciate the talents and knowledge that students possess from outside the
classroom. Traditional success in a mathematics course is typically measured by grades
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and assessments. These frameworks emphasize the value of knowledge beyond formal
education. Third, the frameworks address the importance culture plays in a learner’s life
and education. Throughout Boaler’s dimensions, in Gutstein’s community and critical
knowledge, in Gutiérrez’s identity dimension, and in Berry et al.’s equitable mathematics
teaching practices, the need to recognize and relate to students as they see themselves and
in the “world” they live in is emphasized. From the four frameworks described,
Gutstein’s 3 C’s was chosen as most applicable to the intended research.
2.1.5.1 Defining Social Justice
With the focus of this study on students’ social justice beliefs, it was necessary to
examine the definition of “social justice,” as informed by the frameworks. First, we find
that Gutstein & Peterson (2013) state the following in regards to teaching math for social
justice:
When teachers fail to include math problems that help students confront important
global issues, or when they don’t bring out the underlying implications…, these
are political choices, whether the teachers recognize them as such or not. These
choices teach students three things:
-

They suggest that politics are not relevant to everyday situations.

-

They cast mathematics as having no role in understanding social injustice
and power imbalances.

-

They provide students with no experience using math to make sense of, and
try to change, unjust situations. (p. 6)
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They go on to state “these all contribute to disempowering students and are objectively
political acts, though not necessarily conscious ones” (p. 6).
Berry et al. (2020) state that “[a]n important aspect of our responsibility as
educators is to help empower our students to be agents of change in their communities,
states, nations, and world” (p. 2). They go on to argue that teaching mathematics for
social justice (TMSJ) is critical for four reasons:
- It builds an informed society.
- It connects mathematics with students’ cultural and community histories.
- It empowers students to confront and solve real-world challenges they face.
- It helps students learn to use mathematics as a tool for social change. (p. 2)
They further state that “…embracing social justice moves us beyond noticing issues and
concerns about societal inequalities and requires actions that confront oppression and/or
marginalization” (p. 19).
Building on these definitions and the common themes discussed in section 2.1.5,
this study defines social justice as each and every individual being treated with
equivalently high levels of respect and dignity by other individuals and society as a
whole. Teaching math for social justice is defined in this study as a method of delivering
mathematical content in an intentional manner so as to encourage students to think
critically, apply quantitative literacy skills, and take action in order create a more socially
just world.

2.2

Teaching Mathematics for Social Justice Curricula
In Gutiérrez’s 2013 article “The Sociopolitical Turn in Mathematics Education,”

she states:
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Over the past decade, the mathematics education research community has
incorporated more sociocultural perspectives into its way of understanding and
examining teaching and learning. However, researchers who have a long history
of addressing anti-racism and social justice issues in mathematics have moved
beyond this sociocultural view to espouse sociopolitical concepts and theories,
highlighting identity and power at play. (p. 37)
This growing demand and acceptance of using math a as tool for social justice learning
and human empowerment is demonstrated by the following statements. A quick Google
search of “mathematics curriculum for social justice” provides over 65 million links. A
Google Scholar search of the same provides over 210,000 links, with 17,000 of those
occurring since 2017. A search of the UK Libraries site using keywords “mathematics
curriculum” and “social justice” resulted in nearly 11,000 peer-reviewed journal articles,
with just over 3,000 of those being published in the last five years.
Many articles focus on K-12 education (e.g., Gregson, 2013; Harrison, 2015;
Larnell et al., 2016; Leonard et al., 2010), but could have implications for higher
education. Many articles focus on the act of teaching mathematics more justly (e.g
Guerra & An, 2016; Reagan et al., 2011) or preparing future educators (e.g Jong &
Jackson, 2016; Max, 2017; Turner et al., 2012; Vomvoridi-Ivanovi & McLeman, 2015).
This includes reaching and understanding underrepresented gender, race, and ethnic
groups. While this concept can benefit teaching professionals, it veers from the focus of
this research on aiding students in improving their understanding of social justice through
the study of mathematics. After sifting through numerous interesting and valid
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approaches to teaching mathematics for social justice, five curricula were chosen to be
most applicable to this research. They are:
1. “Rethinking Mathematics: Teaching Social Justice by the Numbers” (Gutstein
& Peterson, Rethinking Mathematics: Teaching Social Justice by the Numbers,
2013)
2. “Mathematics for Social Justice” (Karaali & Khadjavi, 2019)
3. “High School Mathematics Lessons to Explore, Understand, and Respond to
Social Injustice” (Berry et al., 2020)
4. The website RadicalMath.org and their founder-written publication “A Guide
for Integrating Issues of Social and Economic Justice into Mathematics
Curriculum” (Osler, Social Justice Math, 2007)
5. A compilation of various articles and books by Jo Boaler (2008, 2015, 2016)
2.2.1

“Rethinking Mathematics”

The book “Rethinking Mathematics: Teaching Social Justice by the Numbers,”
and the subsequent approach, is comprised of sections from various authors, edited by
Gutstein and Peterson. Gutstein’s research and teaching interests include mathematics
education, teaching for social justice and critical literacies in an urban, multicultural
context, Freirean approaches to teaching/learning, and Chicago school policy. He argues
that “K-12 students need to be prepared through their mathematics education to
investigate and critique injustice (such as racism and language discrimination), and to
challenge, in words and actions, oppressive structures and acts” (Dr. Eric (Rico)
Gutstein, n.d.). Peterson taught 4th and 5th grade for nearly 30 years in the Milwaukee
Public School System. His dissertation was titled “Anti-prejudice, Anti-racist Teaching in
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a 5th grade classroom: Examining Children’s Understanding and a Classroom Teacher’s
Curriculum” (Bob Peterson, n.d.).
In their introduction to “Rethinking Mathematics,” Gutstein and Peterson (2013)
make the following statement: “we propose in this book … to teach math in a way that
helps students more clearly understand their lives in relation to their surroundings, and to
see math as a tool to help make the world more equal and just” (p. 1). It goes on to state
the approach described throughout the text “seeks to deepen students’ understanding of
society and to prepare them to be critical, active participants in a democracy” (p. 1). The
book consists of four main parts: (1) viewing math broadly, (2) infusing social justice
into math classes, (3) infusing social justice math into other curricular areas, and (4)
resources for rethinking mathematics.
The first section investigates math across the curriculum and, broadly speaking,
how math intersects with the “real world” (e.g., historically, culturally, socially, racially).
The second section of this book (Gutstein & Peterson, Rethinking Mathematics:
Teaching Social Justice by the Numbers, 2013) is the longest and most directly applicable
to the development of this intended research. Chapters in the second section of the book
that directly relate to the topics covered in the courses to be in this research project
include: purchasing a home, finances/wages, geometry, percent change, radicals, and
coordinate planes. Each of these topics are presented in “Rethinking Mathematics”
(Gutstein & Peterson, Rethinking Mathematics: Teaching Social Justice by the Numbers,
2013) with a social justice consideration. Examples of such social justice connections
involve purchasing a home while addressing the additional issue of racial disparity in
mortgage lending, and students being given, or asked to find, data concerning

26

representation of select gender or ethnic groups in Congress at different points in time to
determine percent changes. The latter example leads students to then discuss how the
representation has changed (i.e. the percent change) while addressing the social
implications of this change.
The third section of “Rethinking Mathematics” (Gutstein & Peterson, Rethinking
Mathematics: Teaching Social Justice by the Numbers, 2013) provides six more scenarios
introducing social justice math with the inclusion of other disciplines. While these
particular scenarios include slightly more information from other areas than can be
practically implemented in this study, the ideas allow for adaptation for various
situations. The final section of “Rethinking Mathematics” (Gutstein & Peterson,
Rethinking Mathematics: Teaching Social Justice by the Numbers, 2013) provides
additional resources for further study, research, and development of teaching plans. There
are many websites and books included in this list. Several additional resources for
mathematical curriculums, mathematics pedagogy, and lesson guides are also included.
While the examples and discussions of this book focus on the K-12 setting, much
of the content covered is very similar to the general education content covered in the
College Mathematics and College Algebra courses of interest in this study. The various
and independent chapters provide inspiration for adaptions into various mathematics
courses for a more continuous, full-course social justice integration.
With the nature of the independent chapter format in “Rethinking Mathematics”
(Gutstein & Peterson, Rethinking Mathematics: Teaching Social Justice by the Numbers,
2013), the results of each suggested topic vary. Each author chose how to describe the
outcomes of their particular approach. The outcomes of some topics were discussed in
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more depth than others, but feedback was offered for individual units. An overall
consensus shows positive outcomes from the addition of social justice topics in the study
of mathematics.
2.2.2

“Mathematics for Social Justice”

Similar to the previously discussed book, “Mathematics for Social Justice” is
comprised of multiple chapters written by various authors, and edited by Karaali and
Khadjavi (2019). Karaali is described as having a “long-standing interest in the
intersection of mathematics with the humanities” (Gizem Karaali, n.d.) with scholarly
interests including humanistic mathematics, pedagogy, and quantitative literacy, as well
as social justice implications of mathematics and mathematics education. Khadjavi’s
focus “lies in the intersections of mathematics and social justice and in broadening
participation in the mathematical sciences” (Lily Khadjavi, n.d.). Khadjavi states that
“[w]e owe it to our students to provide authentic engagement with problems that address
human well-being” (Why Math for Social Justice?, n.d.).
“Mathematics for Social Justice” (Karaali & Khadjavi, 2019) defines teaching
mathematics for social justice as “encompass[ing] all mathematics instruction which aims
for improved human well-being” (p. 5). Karaali and Khadjavi argue that “as such ‘social
justice’ forms a cornerstone of what makes a society good” (p. 5). The book is presented
as three parts. The first part is an informative introduction to the format and development
of the book. The second part is composed of five reflective essays. The essays, written by
instructors experienced in teaching mathematics for social justice, provide valuable
information in preparing for and developing one’s own social justice math lessons. The
third and final part of the book is a compilation of “fourteen modules, exploring a wide
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variety of social justice themes and offering the opportunity to include them in courses
ranging from college algebra to discrete mathematics” (p. 8). Many of the presented
topics are more advanced than the content covered in the College Mathematics and
College Algebra courses involved in this study, but will provide valuable guidance in
developing social justice math lessons.
Among the essays stands Marano’s advice in preparing instructors for student
resistance when integrating social justice into the mathematics classroom. Math is
oftentimes referred to as a subject that doesn’t address enough real-world events. It is
commonly presented in lecture format with repeated practice calculations. With students
(and people in general) tending to prefer that with which they have become accustomed,
it would be expected that a significant change in teaching style would be met with at least
some initial reluctance. Marano reminds the reader that “[i]deas should be debated and
criticized, not individuals” (Karaali & Khadjavi, 2019, p. 30). The importance in
communicating this sentiment to students from the start of the class, and to keep in mind
as the course instructor, in particularly for social justice discussions in math is echoed by
Berry et al. (2020). The mathematical content nor the rights of each individual should be
lost in the introduction of social justice issues.
With the nature of these individual essays and modules, there was again no
conclusive evidence on the outcomes of this curriculum. There was again an overarching
theme of the value of social justice topic integration in mathematics. Students become
more involved and engaged in the topics when practical applications and relevant
discussions were included.
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2.2.3

“High School Mathematics Lessons to Explore, Understand, and Respond to
Social Injustice”

A product of National Council of Teachers of Mathematics leadership and
members, as well as many experienced social justice math educators, “High School
Mathematics Lessons to Explore, Understand, and Respond to Social Injustice” (Berry et
al., 2020) provides comprehensive support to those wishing to integrate social justice into
their mathematics lessons. Broken into three parts, the book guides the reader through
preparation to teach for social justice, sample lessons in teaching for social justice, and
the next steps to take in creating new lessons for social justice in the mathematics
classroom.
The first part, titled Teaching Mathematics for Social Justice, includes four
chapters: (1) What Is Social Justice, and Why Does It Matter in Teaching Mathematics?,
(2) Getting Ready for the Classroom, (3) Instructional Tools for the Social Justice
Mathematics Lesson, and (4) Teaching the Social Justice Mathematics Lesson (Berry et
al., 2020). Study of these chapters leave the reader with a better understanding of why
social justice should be incorporated into the mathematics classroom. It also prepares the
reader for many common student reactions to the unexpected social justice integration.
The Social Justice Mathematics Framework is introduced as a guide in developing social
justice curricula.
Organized by mathematical subject, the second part of the book (Berry et al.,
2020) provides over 20 sample social justice mathematics lessons. Selected topics
included course tracking, wealth distribution, immigration, climate change, income
inequality, and gerrymandering. The final section includes advice from experienced
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social justice math educators and guidance in the implementation of the Social Justice
Mathematics framework to create new social justice math lessons.
2.2.4

“Radical Math”

The Radical Math website (Osler, 2013) is heralded in many of the articles and
texts, including the “Mathematics for Social Justice” (Karaali & Khadjavi, 2019) and
“Rethinking Mathematics” (Gutstein & Peterson, Rethinking Mathematics: Teaching
Social Justice by the Numbers, 2013) books discussed above. Radical Math is described
in “Rethinking Mathematics” (Gutstein & Peterson, 2013) as “[a]n excellent site
developed by math teachers who have assembled hundreds of lessons, charts, graphs,
articles, and data sets to help teachers integrate issues of social justice into math classes”
(p. 262).
Osler, founder of Radical Math founder, is described as “passionate about
working to advance educational equity” (Jonathan Osler, n.d.). Posted on the website,
Osler (2007) wrote “A Guide for Integrating Issus of Social and Economic Justice into
Mathematics Curriculum.” This guide includes many helpful resources including quotes
on why social justice integration is important, a suggestion of what social justice math is
comprised of, potential issues to discuss, benefits, pitfalls and challenges, an overview
and specifics of how to integrate, a model for development, and responses to critics.
Though much shorter than the previously texts mentioned, Osler presents a strong
overview of how integration of social justice into mathematics can be implemented. The
items included in this guide should prove useful in developing curricula geared toward
teaching mathematics for social justice.
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2.2.5

The Work of Dr. Jo Boaler

Boaler’s (2008, 2015, 2016) research focuses are identified in the following
statement: “Mathematics teaching and learning - in particular, how different teaching
approaches impact students' learning, how to teach mathematics for a ‘growth mindset,’
and how equity is promoted in mathematics classrooms” (Jo Boaler, n.d.). Boaler’s
interest is evidenced by the mission statement for YouCubed (n.d.) – the website she
created to reach others with her mission – which states:
Our main goal is to inspire, educate and empower teachers of mathematics,
transforming the latest research on math into accessible and practical forms. We
know from research how to teach math well and how to bring about high levels of
student engagement and achievement but research has not previously been made
accessible to teachers.
In working toward this goal, YouCubed (n.d.) courses have been created for both
educators and students. Based on the available descriptions and information, these
courses tend to focus more on the growth mindset aspect of her goal instead of the social
justice aspect of her texts. However, this educator-friendly format extends into many of
her publications and into the previously outlined relational equity framework.
In her 2015 book, “What’s Math Got To Do With It?,” Boaler states
“mathematics is an engaging, creative, and accessible subject that enables people to be
their most powerful selves, interacting with their environment in thoughtful and informed
ways” (p. 194). In her 2016 book, “Mathematical Mindsets,” Boaler writes the
following:
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I am passionate about equity. I want to live in a world where everyone can learn
and enjoy math, and where everyone receives encouragement regardless of the
color of their skin, their gender, their income, their sexuality, or any other
characteristic. I would like to walk into math classrooms and see all of the
students happy and excited to learn, not worrying about whether they look as
“smart” as others or whether they have the “math gene.” (p. 93)
Boaler states that her courses have been very effective in promoting their intended
goal (again more focused on the growth mindset than social justice). The course for
teachers has been in effect since 2013 with over 60,000 people taking the course. It is
stated 95% of those taking this course change their teaching practices and 96% said they
were more excited to teach mathematics after taking the course. The student course has
been taken by approximately 160,000 people and “[h]as been shown in a randomized,
controlled trial to significantly improve student mindsets, student engagement in math
class and math achievement on standardized tests” (Our Impact, n.d.). While this data is
not directly relevant to my modified interpretation of the idea, it does show provide
additional validity to ideas Boaler has presented.
2.2.6

Summary

While the word choice and formats vary amongst the five choses curricula, the
overall themes ring much the same. As in the previously described frameworks, each
curriculum maintains the need for in-depth study of mathematical concepts and ideas.
Content cannot be sacrificed in the goal to teach for social justice. Rather, social justice
issues should be chosen to enhance the mathematical understanding and engagement.
Indeed, by choosing topics of interest to the student population, students become more
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engaged and see greater need for understanding the necessary mathematics concepts. The
curricula emphasize the importance of understanding your student populations and
recognizing their identities and “their worlds.” To borrow the term made popular by
Gutiérrez, educators are called to “re-humanize” mathematics. Each curriculum inspires
the educator to step beyond traditional classroom teaching with regurgitated knowledge
and the strive for a classroom where students are invested in their learning because they
see its usefulness for their own lives and the lives of others.
These curricula were all designed with the mindset of in-person interaction
including multi-day group projects. Readily extending the provided lessons and formats
to the asynchronous online format desired for this study proved challenging. However,
the ideas used in development of the provided lessons gave guidance and inspiration to
the creation of workable social justice content.

2.3

Educator Preparation for Teaching for Social Justice
Many articles focused on examining the issues of equity and social justice in

preservice K-12 teacher education (e.g Jong & Jackson, 2016; Ludlow et al., 2008; Max,
2017; Turner et al., 2012; Vomvoridi-Ivanovi & McLeman, 2015). Referring to the
phrase teacher education for social justice, Ludlow et al. (2015) states the following:
… most definitions … have in common explicit recognition of the marked
disparities in educational opportunities, resources, achievement, and long-term
outcomes between minority and low-income pupil groups and their White,
middle-class peers. This is coupled with the position that teachers have the
potential to be both educators and activists committed to the democratic ideal and
to reducing the inequities in American society. Teacher education for social
34

justice, then, is teacher preparation deliberately designed to provide the social,
intellectual, and organizational contexts to foster teaching for social justice in
schools accommodating students in kindergarten through 12th grade (K-12). (p.
194)
While Ludlow et al. (2015) go on to state “[t]eaching for social justice in K-12 schools
has as its primary consideration promoting pupils learning (academic, social, emotional,
and civic) and enhancing pupils’ life chances…” (p. 194), I argue that this extends
beyond K-12 into postsecondary education. While many postsecondary institutions
provide the opportunity for graduate study of college teaching and learning (e.g.,
Graduate Certificate in College Teaching & Learning, n.d.), few graduate programs
require formal training in teaching and learning for students planning to take on higher
education faculty roles upon graduation. Without this formal avenue, the opportunity to
train these future educators in teaching for social justice can be lost.

2.4

The Online Learning Environment
2.4.1 The History of Online Learning
Remote educational opportunities are far from a new concept. Distance learning

has been documented as early as 1728, with lessons sent by mail from Boston. In 1922 –
almost 200 years later – distance learning opportunities advanced to include lessons given
over the radio. In 1968, the first courses were offered via television by Stanford
University to part-time engineering students. In 1994, the first completely online
curriculum was introduced by CalCampus. Just 20 years later, in 2014, a whopping 98%
of public colleges and universities offered online programs (Dumbauld, 2014). In 2018,
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over 6.9 million students were enrolled in at least one online/distance education course,
with almost half of those being enrolled exclusively in online courses (Fast Facts, n.d.)
We have seen more advancement in the variety of education delivery methods and
environments in the past 100 years than in the 200+ years prior. Personal computers
became feasible in the 1970s (The Editors of Encyclopaedia Britannica, n.d.), but did not
become common in U.S. households until the late 1990s to early 2000s (Percentage of
households in the United States with a computer at home from 1984 to 2016, 2018). For
the last 20 years, the number of U.S. households with a personal computer has steadily
risen to the point that most now have at least one personal computer.
With the strengthening computer literacy, easy computer accessibility, and 77.2%
of U.S. households surveyed having access to the internet (Ryan & Lewis, 2017), the
demand for online learning is likely to continue growing, or at least remain steady. A
survey of school administrators resulted in 99% saying that demand is either increasing
or staying the same (2019 Online Education Trends Report, 2019).
To meet this increasing demand for online learning environments, many
advancements have been made. Learning management systems (LMS) such as Canvas,
Blackboard, and Moodle/Engage offer many resources for online education. Students and
professors can interact through chats, discussions, or messaging. Video, audio, and data
can easily be transferred amongst users of the LMS. Classes can be copied over from
term to term, reducing the workload and increasing the course quality. ADA compliance
is becoming stricter for online classes, requiring accessibility for visual, auditory, and
mobility impairments (Burke et al., 2016). All of these developments have aided in the
advancement of the online learning environment and the overall experience for users.
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2.4.2

The Need for and Importance of Online Learning Environments

A research review by Sun and Chen (2016) included a list of many reasons we
need online education. This list included equity in access to learning and training,
updating skills in the workforce, enhancing educational system capacity, work/family
balance, and time flexibility. Many students enrolled in online courses would not be able
to complete an education in a traditional setting. They may hold a job during traditional
class hours; they may have family obligations; they may have health issues preventing
travel to or attendance of traditional classes; and so on. Regardless of the reason, having
online learning options opens opportunities to many who would not have them otherwise.
We have also seen an unexpected occurrence in online education this year
impacting undergraduate students and the online learning environment. In the year 2020,
the response to the worldwide coronavirus pandemic required higher education
institutions in the United States to transition to online learning environments. This
included not only hybrid courses, but also those scheduled to be taught in the traditional
classroom. In an online article addressing higher education responses to COVID-19,
Smalley (2020) writes:
The spring semester of 2020 was significantly disrupted by the spread of the
Coronavirus as more than 1,300 colleges and universities in all 50 states cancelled
in-person classes or shifted to online-only instruction. By fall, many campuses
developed plans to merge in-person instruction (with social distancing) and online
learning, with varying degrees of success by institution. According to tracking
from the College Crisis Initiative, 44% of institutions developed fully or primarily
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online instruction, 21% used a hybrid model and 27% offered fully or primarily
in-person instruction.
The online learning environment allowed these educational institutions to
complete their terms, and students to continue in their programs during a time in which
in-person gatherings were unavailable. The full influence of this event is yet to be seen as
it is still a very actively developing situation. The perception of online learning by many
students will likely be altered by this event. It may influence some students to seek
further learning in online environments, and may negatively impact the perception of
online learning for others.
With the rapidly increasing growth in online enrollment (Publications and
Products, n.d.), and the demonstrated need for online learning in a time of crisis, we must
take care to address the needs of all learners, regardless of the learning environment.
These needs include issues such as social justice, which has been frequently researched in
the traditional classroom (Boaler, 2008; Gutiérrez, 2009), but has had very little
published regarding the online learning environment. To continue best serving our entire
student population, more issues must receive attention in regards to the online learning
environment.
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CHAPTER 3. METHODOLOGY
3.1

Purpose of the Study
Teaching mathematics for social justice has become an increasingly common

approach. Many researchers including Gutstein and Peterson (2013) and Karaali and
Kadjavi (2019) have found these methods to increase student engagement and enrich
learning experiences. While many publications, including those previously referenced,
address this topic in the classroom, little to no publications are available in regards to
teaching mathematics for social justice in the online learning environment. With the
increasing usage of online learning platforms, this study sought to expand on the previous
research and investigate the impact of social justice-based discussion forums in online
undergraduate math courses on students' social justice beliefs. Therefore, the purpose of
this study was to investigate the use of online discussion forums to introduce students to
thinking with a social justice mindset in the online environment. The focus of the study
was the impact discussion forums with social justice-based prompts have on students’
social justice beliefs.

3.2

Research Question
The following question was addressed by this study:
•

How do social justice-based discussion forums in online undergraduate math
courses impact students’ social justice beliefs?

3.3

Mixed Methods
In 2007, Johnson, Onwuegbuzie, and Turner made the following claim: “Mixed

methods research is becoming increasingly articulated, attached to research practice, and
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recognized as the third major research approach…, along with qualitative research and
quantitative research” (Johnson, et al., 2007). Since this time, many articles and books
have been published focusing on the added value of combining both quantitative and
qualitative data (e.g., Johnson & Christensen, 2019; Creswell & Plano Clark, 2018).
Creswell and Plano Clark (2018) discuss the weakness of quantitative research in
understanding the context or setting in which people live while qualitative research can
be influenced by not only small sample sizes but also by personal interpretations and
bias. They argue the mixing of quantitative and qualitative research provides more
evidence in studying a research problem and allows for answering questions that could
not be answered by one method alone. They futher state “researchers gain new
knowledge that is more than just the sum of the two parts” (p. 13).
Upon determing mixed methods is an appropriate approach, the rationale for
using the mixed design must be determined. Johnson and Christensen (2019, p. 459) refer
to Greene, Caracelli, and Graham’s framework for mixed methods research with the
following five rationales: (1) complementarity, (2) triangulation, (3) development, (4)
initiation, and (5) expansion. Johnson and Christenson (p. 459-460) give the following
description for the rationales:
•

The purpose is said to be complementarity when the investigator seeks
elaboration, enhancement, illustration, and clarification of the results from one
method with results from the other method.

•

Triangulation is the term given when the researcher hopes for convergence,
correspondence, and correspondence of results from different methods studying
the same phenomenon.
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•

Development is the name given when the researcher uses the results from one
method to help inform the other method.

•

Initiation refers to discovering paradoxes and contradictions as well as providing
different perspectives that may lead to a reframing of the research question or
results.

•

The purpose of research is called expansion when the investigator attempts to
expand the breadth and range of inquiry by using different methods for different
inquiry components.
After providing rationale for mixed methods research, the researcher must select a

mixed research design. The three core designs of mixed methods research as detailed by
Creswell and Plano Clark (2018) are: (1) the convergent design, (2) the explanatory
design, and (3) the exploratory sequential design. The first, convergent design, begins
with the separate, but concurrent, collection and analysis of quantitative and qualitative
data, followed by a merger and comparison of the results, and finally the interpretation of
the combined results. The second, explanatory design, starts with collecting, analyzing,
and indentifying results of the quantitiative data only. Then, based upon the results,
qualitative data is collected, analyzed, and interpreted. The third, exploratory sequential
design, begins with the collection, analysis, and results of the qualitative data only. Then
follows the creation and use of a quantitative measure, instrument, intervention, app, or
website based on the qualitative data. Lastly, the data is interpreted. Each design allows
for the integration of multiple datasets and viewpoints for a more complete
understanding.
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3.4

Research Design
Based on the rationale of triangulation to “seek convergence and correspondence

by comparing findings from qualitative data with quantitative results” (Creswell & Plano
Clark, 2018, p. 290), this study used the convergent design of mixed methods research
(previously referred to as the concurrent or parallel design) in order to investigate the
impacts of social justice-based online discussion forums in undergraduate online math
courses. As Creswell and Plano Clark (2018) state,
The convergent design occurs when the researcher intends to bring together the
results of the quantitative and qualitative data analysis so they can be compared
and combined. The basic idea is to compare the two results with the intent of
obtaining a more complete understanding of a problem, to validate one set of
findings with the other, or to determine if participants respond in a similar way if
they check quantitative predetermined scales and if they are asked open-ended
qualitative questions. (p. 65)
Quantitative and qualitative data were collected separately from one another with
no apparent order imposed. Quantitative data was collected through the use of surveys
adapted from the Learning to Teach for Social Justice – Beliefs Survey (Ludlow, et al.,
2008) and qualitative data was collected through the use of discussion forums. This data
was then analyzed separately before merging, comparing, and interpreting as shown in
the following diagram (Creswell & Plano Clark, 2018, p. 66) in an effort to attain all
three of Creswell and Plano Clark’s aforementioned intents: (1) obtaining a more
complete understanding of the problem, (2) validating one set of findings with the other,
and (3) determining if participants respond in a similar way to quantitative and qualitative
measures.
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Figure 3.1 General Diagram of the Convergent Design of Mixed Methods
3.5

Participants
The targeted population were students enrolled in online introductory math

courses at a private, Christian institution during the Fall 2021 and Spring 2022 semesters.
Three sections of two fully online undergraduate math courses, College Mathematics (1
section) and College Algebra (2 sections) were involved in this research study. Each
course ran for approximately 8 weeks and was conducted between October 2021 and
March 2022. All students enrolled in the courses (ntotal = 101) were invited to participate
in the study. This includes 67 students in College Algebra (nalgebra = 67) and 34 students
in College Math (nmath = 34). Of those students, 57 students (56% of those enrolled) gave
consent to participate in the study, remained enrolled throughout the class term for their
respective course, and completed the necessary assignments for the study. This includes
34 students for College Algebra (51% of those enrolled) and 23 for College Math (68%
of those enrolled). One student was enrolled in two course sections in the study. To
maintain independence of observations, it was necessary that one data set for the student
be removed. After analyzing the student’s work, it was determined the student completed
minimal assignments (only two discussion forums) in one course section with minimal
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critical thinking demonstrated. This data set was removed from the study. Therefore, 56
(Algebra = 33; Math = 23) students are included in this study. These students included
both males and females, ranged in age from under 18 years to over 40 years of age, came
from a wide range of ethnicities, continents, location types, educational backgrounds, and
incomes. Specific demographic data is provided in the following tables.
Table 3.1 Course, Semester, and Student Counts
Course
Semester
Course Enrollment
Student Consent Count
College Algebra Fall 2021
31
14*
College Algebra Spring 2022
36
19
College Math
Spring 2022
34
23
Total = 101
Total = 56
*One student removed due to enrollment in two sections involved in the study.
Table 3.2 Survey Participants by Gender
Gender
Frequency
Male
16
Female
40

Percent
29
71

Table 3.3 Survey Participants by Age
Age
Frequency
<18 years old
5
18-24 years old
32
25-40 years old
17
>40 years old
2

Percent
9
57
30
4

Table 3.4 Survey Participants by Ethnicity
Ethnicity
Frequency
Asian
5
Black or African
6
Hispanic or Latino
4
White or Caucasian
40
Other or Unknown
1

Percent
9
11
7
71
2
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Table 3.5 Survey Participants by Home Continent
Home Continent
Frequency
North or Central America
48
South America
1
Europe
2
Asia
3
Other or Prefer not to answer
2

Percent
86
2
4
5
4

Table 3.6 Survey Participants by Home Location
Home Location
Frequency
Urban
13
Suburban
21
Rural
20
Prefer not to answer
2

Percent
23
38
36
4

Table 3.7 Survey Participants by Highest Degree Earned
Highest Degree Earned
Frequency
Percent
Some High School
11
20
High School
39
70
Bachelor’s Degree
2
4
Trade School
3
5
Prefer not to answer
1
2
Table 3.8 Survey Participants by Household Income
Household Income
Frequency
Percent
< $25,000
7
13
$25,000-$50,000
11
20
$50,000-$100,000
19
34
$100,000-$200,000
6
11
> $200,000
1
2
Prefer not to answer
12
21
Table 3.9 Survey Participants by Number of Discussion Forums Completed
Forums Completed
Frequency
Percent
0
2
4
1
4
7
2
2
4
3
2
4
4
2
4
5
4
7
6
3
5
7
9
16
8
28
50
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The College Math and College Algebra courses were formatted in similar
manners. Each course was divided into eight pre-set modules, with each module
including a guide, course notes and lecture videos, online homework assignments/
quizzes, and a discussion forum. Selected modules also include exams. Each section of
College Algebra covered the same content with the same course resources available. All
material was housed within the online learning management system. All courses were
taught by the same instructor.

3.6

Data Collection and Instrumentation
As prior experiences influence each student’s social justice beliefs, it was

important to collect data to measure the student’s beliefs both before the course began
and after the course was completed. This allowed for a better understanding of the
changes in the individual student’s beliefs and provided greater insight into any findings.
The data was collected through the use of the following measurements instruments: (1)
surveys – quantitative and (2) discussion forums – qualitative. The details of the data
collection and these instruments are discussed in the following sections.
3.6.1

Quantitative Data Collection

Quantitative data was gathered through the use of surveys. All students enrolled
in the courses were required to complete a pre- and post-course survey for a course grade.
Both the pre- and post-course surveys included the same 13 Likert-scale statements
adapted, with permission, from the Learning to Teach for Social Justice (LTSJ) – Beliefs
Scale (Ludlow et al., 2008). These adaptations are further discussed in the following
paragraphs. The pre-course survey also collected demographic data on the participants, as
well as student consent and an electronic signature. To ensure no course impacts on
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students, completion grades were automatically assigned by the online learning
management system and data was not viewed, extracted, or analyzed until after the
course was completed and grades were assigned. The pre- and post-course surveys can be
found in Appendices A and B, respectively.
As the original quantitative measurement tool was written for pre-service
teachers, modifications were required. Statements 2, 3, 6, and 9 of the LTSJ – Beliefs
scale (Ludlow, et al., 2008) were used without modification. Statements 1, 4, 5, 7, 8, 10,
and 11 of the LTSJ – Beliefs scale were easily adapted. For example, statement 1 of the
LTSJ – Beliefs scale states: “An important part of learning to be a teacher is examining
one’s own attitudes and beliefs about race, class, gender, disabilities, and sexual
orientation.” This was modified to state: “An important part of learning is examining
one’s own attitudes and beliefs about race, class, gender, disabilities, and sexual
orientation.” Statement 12 of the LTSJ – Beliefs scale was split into two statements for
the purpose of this study. The original statement: “Realistically, the job of a teacher is to
prepare students for the lives they are likely to lead.” was split into (1) “The job of a
teacher is to only teach their subject’s content.” and (2) “College students should only
prepare for the life they are likely to lead." The first of these statements was moved to an
earlier location in the survey instrument to create space between the similar concepts.
Additionally, the Likert-scale of the LTSJ – Beliefs scale (Ludlow, et al., 2008)
was modified. In the original instrument, a 5-point scale is employed: 1 = strongly
disagree, 2 = disagree, 3 = uncertain, 4 = agree, and 5 = strongly agree. In their article
“Evidence-Based Survey Design: The Use of a Midpoint on the Likert Scale,” Chyung,
Roberts, Swanson, and Hankinson (2017) provide data-based information to aid in the
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decision to keep or omit the midpoint score under given circumstances. Among other
items, inclusion of the midpoint is recommended when the respondents are familiar with
the topic and should be allowed to express a neutral opinion. Inclusion provides the
benefit of respondents being able to express their true neutral/indifferent opinion.
Omission of the midpoint is recommended when respondents are unfamiliar or
uncomfortable with the survey topic, when the respondents are not expected to have
formed their opinions about the topic, or when the respondents are likely to show
satisficing behavior. They state a benefit of the midpoint removal is the elimination of the
possibility that respondents misuse the midpoint, citing multiple studies showing the
misuse of the midpoint including using it as a “dumping ground.” Based on this
information, combined with the further data Chyung, et al. provides on higher misuse of
midpoint scores for younger respondents, it was determined the best course of action for
this quantitative survey instrument was the removal of the midpoint (uncertain) score.
Therefore, the following 4-point scale was included in the survey: 1 = strongly disagree,
2 = disagree, 3 = agree, and 4 = strongly agree.
3.6.2

Qualitative Data Collection

Qualitative data was gathered through the use of discussion forums. Each course
required participation in eight weekly discussion forums for a grade. Each discussion
forum prompt gave the students the opportunity to demonstrate understanding of the
mathematical concepts by solving a mathematical problem. Each forum also required
students to use critical thinking to relate the problem solved to an issue of social justice
presented in the prompt.
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For each of the eight discussion forum assignments, students were required to
respond to a posted discussion forum prompt and reply to at least two classmates’ posts.
Students were not allowed to see classmates’ posts until after they had completed their
own original response. Student posts were graded according to the following four
categories given in a rubric provided to the students: (1) mathematical content (33% of
the score), (2) discussion (33%), (3) involvement and responsiveness (17%), and (4)
timeliness (17%). Points were given for correct mathematical computations and
interpretation, demonstration of critical thinking regarding the social justice application,
interactions with classmates, and completing the parts of the assignment on time. While
the grading categories were not used in the research study, it should be noted that
students were required as part of the assignment to critically examine the connections
between mathematical concepts and issues of social justice. Students’ personal opinions
or beliefs did not have an impact on their grade. Student interaction in the discussion
forums was encouraged, and was monitored by the instructor for any necessary
interventions. The instructor did not engage in the conversations beyond necessary
interventions. Examples of needed interventions included students of different mindsets
failing to communicate in a respectable manner or students posting inappropriate content.
The development of the discussion forum prompts was informed by the
theoretical framework chosen for this study, Gutstein’s 3 C’s: community, critical, and
classical knowledge (Gutstein E. , Connecting Community, Critical, and Classical
Knowledge in Teaching Mathematics for Social Justice, 2007). Prompts were devised to
include what the students already know (community knowledge), how students
understand things to be the way they are (critical knowledge), and the knowledge the
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student has gained in traditional classroom learning in a formal environment (classical
knowledge) (Osler, A Guide for Integrating Issues of Social and Economic Justice into
Mathematics Curriculum, 2007).
Since College Mathematics and College Algebra covered different content, the
development of a separate set of discussion forums was required for each course.
According to numerous resources (Gutstein & Peterson, 2013; Gutstein, 2006; Karaali &
Khadjavi, 2019; Social Justice Issues, n.d; Social Justice Topics, n.d.; What Are Social
Justice Issues?, n.d.), some of the main social justice issues faced in the United States
today are: voting rights, climate change, healthcare, income gap, racial justice, and
criminal justice. Two of the most prevalent issues of social justice across the above
sources (Gutstein & Peterson, 2013; Gutstein, 2006; Karaali & Khadjavi, 2019; Social
Justice Issues, n.d; Social Justice Topics, n.d.; What Are Social Justice Issues?, n.d.) were
access to affordable healthcare and the wage gap. In our recent pandemic state and our
current economic climate, these issues have become of even greater importance as
evidenced by the statements in the following paragraphs from the American Public
Health Association and PayScale.com. This led to the selection of these themes for the
College Mathematics and College Algebra courses, respectively.
Firstly, according to the American Public Health Association (Social Justice and
Health, n.d.):
More than 30% of direct medical costs faced by U.S. Blacks, Hispanics and
Asian-Americans can be tied to health inequities. Because of inequitable access to
care and other health-promoting resources, these populations are often sicker
when they do find a source of care and incur higher medical costs. That 30%
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translates to more than $230 billion over a four-year period. In addition, studies
have shown that clinicians tend to have more negative attitudes toward people of
color, and unconscious racial bias among clinicians has been shown to lead to
poorer communication and lower quality of care.
As the theme of healthcare could be well-incorporated throughout the modules of College
Mathematics, social justice-based discussion forum prompts were written for each
module relating healthcare to the mathematical content, while incorporating Gutstein’s 3
C’s (Gutstein E. , Connecting Community, Critical, and Classical Knowledge in
Teaching Mathematics for Social Justice, 2007). The content covered in each module of
College Mathematics and the social justice-based discussion forum prompts are included
in Appendix C.
Secondly, according to the PayScale.com (The State of the Gender Pay Gap
2020, n.d.):
Since we have started tracking the gender pay gap, the difference between the
earnings of women and men has shrunk, but only by an incremental amount each
year. There remains a disparity in how men and women are paid, even when all
compensable factors are controlled, meaning that women are still being paid less
than men due to no attributable reason other than gender. As our data will show,
the gender pay gap is wider for women of color, women in executive level roles,
women in certain occupations and industries, and in some US states. …
… By calculating presumptive raises given over a 40-year career, we find
that women in the uncontrolled group stand to lose $900,000 on average over a
lifetime. Lost earnings narrow to $80,000 for the controlled group, but this is still
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significant, especially if you consider how lost earnings due to the gender pay gap
would grow with compound interest if invested each year for 40 years.
As the theme of wage gaps could be well-incorporated throughout the modules of
College Algebra, social justice-based discussion forum prompts were written for each
module relating the wage gap to the mathematical content while incorporating Gutstein’s
3 C’s (Gutstein E. , Connecting Community, Critical, and Classical Knowledge in
Teaching Mathematics for Social Justice, 2007). Discussions were extended beyond the
gender wage gap to also include such topics as differences between ethnicities,
educational backgrounds, and ability levels. The content covered in each module of
College Algebra and the social justice-based discussion forum prompts are included in
Appendix D.
3.6.3

Pilot Study

A pilot study was conducted during the Spring 2021 semester for one section of
College Mathematics and one section of College Algebra. While small-scale and not fully
analyzed, this pilot informed important modifications to the research design and
instrumentation. Firstly, the original design involved not only the inclusion of social
justice-based discussion forums, but also the inclusion of weekly social justice-based
homework or exam problems. This was removed to place the research focus on only the
impact of the discussion forums which should be an easy modification to future courses.
Secondly, the quantitative survey instrument (the surveys) was modified to remove the
midpoint score. Slight modifications were made to the prior re-wording of the survey
statements for clarification purposes. Finally, and perhaps most importantly, the
discussion forum prompts were modified. For both classes, the same prompt was
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included in both the first and last discussion forum: “Discuss what the phrase “learning
math for social justice” means to you.” The pilot only included this prompt in the last
discussion forum, thereby reducing the ability to analyze the impact of the discussion
forums on students’ social justice beliefs. This new ability to directly compare a student’s
responses pre- and post-course became the basis of the qualitative analysis in the research
study. Also, the wording of several prompts was tweaked slightly to avoid the implication
of any political or social biases. The use of the word “just” (e.g., “How can we make this
more just?”) was reduced and replaced with less loaded vocabulary. These modifications
allowed for greater depth of discussion in the research study than in the pilot study.

3.7

Quantitative Analysis
In order to determine if the students’ social justice beliefs had changed from the

beginning of the course to the end of the course, the 13 Likert scale responses on the
survey instruments were analyzed. Each Likert scale item included the following four
options: 1 = Strongly Disagree, 2 = Disagree, 3 = Agree, and 4 = Strongly Agree. Firstly,
statements 3, 4, 6, 7, 10, 11, 12, and 13 were reverse-coded on both the pre- and postcourse surveys as a “Strongly Disagree” response is the most socially-just mindset. That
is, the following scores were assigned to questions 3, 4, 6, 7, 10, 11, 12, and 13: 4 =
Strongly Disagree, 3 = Disagree, 2 = Agree, and 1 = Strongly Agree. By doing this, each
statement is now measured on a scale of one to four with a higher score indicating the
most socially-just mindset.
Secondly, a summated rating was formed from the pre- and post-course surveys
for each student by summing the 13 statement scores (with the reverse score used for the
indicated statements). As stated by Johnson and Christensen (2019, p. 225), in a
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summated rating scale “multiple items designed to measure a single construct are used to
increase the reliability and validity of measures.” They further discuss the necessary
requirement that these meet the psychometric properties of validity and reliability.
Validity refers to the accuracy of the inferences, interpretations, or actions made
on the basis of test scores (Johnson & Christensen, 2019, p. 163). The validity of this
measurement tool is supported by the heavy use of Ludlow’s previously developed and
heavily-cited Learning to the Teach for Social Justice – Beliefs scale instrument (e.g.,
Jong & Jackson, 2016; Bell et al., 2022) in developing the measurement tool. The LTSJ –
Beliefs scale was found to be both a reliable and valid measure of the social justice
construct, based on Rasch analyses that confirmed the scale’s psychometric properties
(Ludlow et al., 2008).
Reliability refers to the consistency or stability of a set of test scores and can be
tested by varying methods, including the coefficient alpha, also known as Cronbach’s
alpha (Johnson & Christensen, 2019). A quick analysis of the pre- and post-course
surveys determines Cronbach’s alpha to be .73 and .75, respectively. These are both
above the acceptable threshold of .70 (Johnson & Christensen, 2019), indicating internal
consistency reliability for the summated rating. A second reliability method called testretest was also used. This compares the consistency or reliability of test scores over time.
Interestingly, Cronbach’s alpha was found to be .64 which falls in the questionable
category (0.70 ≥ α ≥ 0.60) and only slightly below the acceptable threshold of .70
(George & Mallery, 2003, p. 231). This may indicate that the survey instrument is in fact
reliable for multiple uses.
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The summated ratings will be referred to as the pre- and post-course “Social
Justice scores” from this point forward. Although the low sample size limits the
confidence of any quantitative analysis, SPSS 27 was used to conduct one-way repeated
measures analysis of variance (ANOVA) and one-way repeated measures analysis of
covariance (ANCOVA). Due to the limited participant pool, this study has no control
group. First, a paired-samples t-test was run to determine any statistically significant
differences in pre- and post-course Social Justice scores. Then a paired-samples t-test was
run for each of the 13 questions to determine any statistically significant differences in
the pre- and post-course scores. Finally, a two-way mixed ANOVA was conducted to
determine whether there was an interaction between the between- and within-subjects
factors (e.g., gender*time). The two-way mixed ANOVA is often used to determine
whether there are differences between independent groups over time (Laerd Statistics,
2015). In this study, the time element was represented with the pre-course survey and the
post-course survey, being separated in time by approximately 8 weeks. This test was
considered for each of the eight independent variables discussed in the following section
to better understand how different demographic groups may be affected by the treatment.
Results can be found in Chapter 4.
3.7.1

Dependent Variable

The post-course Social Justice score is a dependent variable. It is a continuous
variable with a normal distribution. The post-course Social Justice score can range from
13 to 65. The sample size is equal to the number of students who gave consent to
participate in the research study and completed the necessary assignments (56 students).
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3.7.2

Independent Variables

Nine independent variables were collected for this study. Seven of these variables
are demographic information: (1) gender, (2) age, (3) ethnicity, (4) home continent, (5)
home location, (6) highest degree earned, and (7) household income. The sample size is
equal the number of participants in the research study (56 students). Gender is a
categorical variable, with a multinomial distribution (1 = Male, 2 = Female, 3 = Other, 4
= Prefer not to answer). Age is a scale categorical variable (1 = less than 18, 2 = 18-24
years, 3 = 24-40 years, 4 = 40+ years, 5 = prefer not to say). Ethnicity is a categorical
variable, with a multinomial distribution (1 = American Indian/Alaskan Native, 2 =
Asian, 3 = Black/African, 4 = Hispanic/Latino, 5 = Native Hawaiian/Pacific Islander, 6 =
White/Caucasian, 7 = Other or Unknown, 8 = Prefer not to say). Home continent is a
categorical variable, with a multinomial distribution (1 = North America/Central
America, 2 = South America, 3 = Europe, 4 = Africa, 5 = Asia, 6 = Australia, 7 = Other,
8 = Prefer not to say). Home location is a categorical variable, with a multinomial
distribution (1 = Urban, 2 = Suburban, 3 = Rural, 4 = Prefer not to say). Highest degree
earned is an ordinal categorical variable (1 = Some high school, 2 = High school, 3 =
Bachelor’s degree, 4 = Master’s degree, 5 = PhD or higher, 6 = Trade School, 7 = Prefer
not to say). Finally, household income is scale categorical variable (1 = Less than
$25,000, 2 = $25,000-$50,000, 3 = $50,000-$100,000, 4 = $100,000-$200,000, 5 = More
than $200,000, 6 = Prefer not to say).
The eighth independent variable is the number of discussion forums completed. It
is a continuous variable. As eight discussion forums were available in this course, the
number of discussion forums completed can range from zero to eight.
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The ninth independent variable is the pre-course Social Justice score. It is a
continuous variable with a normal distribution. The pre-course Social Justice score can
range from 13 to 65. The sample size is equal to the number of students who gave
consent to participate in the research study and completed the required assignments (56
students).

3.8

Qualitative Analysis
To qualitatively identify common themes relating to students’ social justice beliefs,

open-ended responses to eight online discussion forums were compiled. Qualitative
analysis was first conducted on responses to only the matching first and last social justice
discussion forum prompt: “Discuss what the phrase ‘learning math for social justice’
means to you.” The constant comparative method was used to analyze the students’
responses. According to Johnson & Christensen (2019, p. 435), constant comparative
method involves “constant interplay among the researcher, the data, the categories, and
the developing theory.” The researcher “‘constantly compares’ codes/categories to the
data, codes to other codes in the data, and, after collecting more data, compares the new
codes for further development and expansion” (Johnson & Christensen, 2019, p. 435).
Throughout the coding process, code selection was informed by the study framework,
Gutstein’s 3 C’s: (1) community knowledge, (2) critical knowledge, and (3) classical
knowledge. A visual depiction of the concepts, categories, and themes can be found in
Figure 3.2. Further explanation of the development of the concepts, categories, and
themes can be found in the following sections.
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Figure 3.2 Constant Comparative Depiction
3.8.1

Open Coding

Upon collection, open coding was conducted on the data to identify observed
trends, patterns, and common concepts (Johnson & Christensen, 2019). Codes were
generated by inductive methods. According to Johnson and Christenson, inductive codes
are “defined as codes that are generated by the researcher by directly examining the data
during the coding process” (p. 549). This process was repeated upon each collection of
further data with codes being revisited and refined throughout the coding process. To
limit any researcher bias, all identifiers were blinded before coding; this included not
only the removal of demographic information, but also indicators of whether the response
was given during the first or last discussion forum. Responses were randomly sorted
before coding to further avoid unintentional bias. A list of the resulting concepts can be
found in Table 3.10.

58

Table 3.10 Discussion Forum Open Coding Concepts
Access
Empowerment
Make change
All
Equal
Manipulate
Application
Equality
No meaning
Awareness
Equity
Numbers
Big picture
Everyone
Other people
Classroom
Fair
Opportunities
Confront
Impact
Political
Critical thinking
Improve
Problems
Daily life
Inequality
Proof
Different
Inequity
Real life
Disparities
Knowledge
Real world
3.8.2

Research
Same
Society
Solutions
Systemic
Together
Truth
Trust
Understand
Unfair
World

Axial Coding

After each round of open coding, axial coding was conducted to develop and
organize the concepts into categories, and then organize those categories (Johnson &
Christensen, 2019). The categories were refined upon each collection of further data. A
list of the resulting categories can be found in Table 3.11.
Table 3.11 Discussion Forum Axial Coding Categories
Helping others
Providing equal access to opportunities
Changing the curriculum
Taking action
Understanding of society
Using inside and outside of the classroom
Providing equal access to learn
Learning about “real world” issues
Challenging of social, cultural, and
Using math knowledge
economic norms
Being empowered by learning
Understanding of social, cultural, and
economic norms
Viewing data through a critical lens
Determining the trustworthiness of data
presentation
More than just math knowledge
Focusing on equity/equality
3.8.3

Themes

Lastly, selective coding was conducted by reflecting on the data and the results
that were produced during open coding and axial coding to find common themes
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(Johnson & Christensen, 2019). When considering the understanding students
demonstrated upon being asked to state what the phrase “learning math for social justice”
meant to them, five common themes emerged: (1) using math to personally take action in
issues of social justice, (2) understanding math can be used to take action in issues of
social justice, (3) using math to understand issues of social justice, (4) providing
equitable math learning for all, and (5) no meaning stated. Each student response was
placed into one of these categories. As the most socially-just mindset would be to
“personally take action” and the least socially-just mindset would be those who stated no
meaning, a scale of 0-4 was constructed to compare growth from the first discussion
forum post to the last discussion forum post. The following ordinal scale was used: 0 =
“no meaning stated”, 1 = “providing equitable math learning for all”, 2 = “using math to
understand issues of social justice”, 3 = “understanding math can be used to take action
in issues of social justice”, and 4 = “using math to personally take action in issues of
social justice.” The final organizational chart can be found in Figure 3.2.
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CHAPTER 4. RESEARCH FINDINGS
Holding true to the convergent mixed methods design (Creswell & Plano Clark,
2018), quantitative and qualitative data were first analyzed separately. Then the findings
were merged and compared. Finally, the data was interpreted and discussed (discussion
located in Chapter 5). The following sections will look at the quantitative findings,
followed by the qualitative findings, then the merger and comparison of the findings.

4.1

Quantitative Results
The quantitative data was analyzed in two stages. First statistical significance was

determined through the use of t-tests. Then interactions were tested using analysis of
variance (ANOVA) and analysis of covariance (ANCOVA). Test results are found in the
following sections.
4.1.1

Statistical Significance

First, a paired-samples t-test was used to determine whether there was a
statistically significant mean difference between the Social Justice scores for students
before and after the treatment (i.e. before the course and after completing the discussion
forums). There were no outliers in the data, as assessed by inspection of a boxplot. The
assumption of normality was not violated, as assessed by Shapiro-Wilk’s test (p > .05).
Social justice scores on the post-course survey were higher (37.23 ± 5.92 points) as
opposed to the pre-course survey (37.04 ± 5.29 points). The treatment elicited a mean
increase of .20 points, 95% CI [-.92, 1.31] in the social justice score from pre-course to
post-course. However, the treatment did not elicit a statistically significant increase in
post-course Social Justice score compared to pre-course Social Justice score, t(55) = .35,
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p = .73 > .05. There was not a statistically significant difference between means (p > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
After determining there was no statistically significant mean difference for the
summative Social Justice scores before and after treatment, a paired-samples t-test was
conducted on each of the 13 survey statements. A detailed discussion of the results for
each t-test follows. For each statement, outliers were identified as data points where the
difference between the pre- and post-course scores was more than 1.5 box-lengths from
the edge of the box in a boxplot. In each case, the outliers were accepted and remained in
the study as they did not unduly influence the mean difference and while they elicited
increase in variability, they did not change the conclusion of the paired-samples t-test
(Laerd Statistics, 2015). Statements 8 and 9 had a greater number of outliers as the result
of most students having no change in score for the respective statements on the pre- and
post-course surveys. Any change was flagged as an outlier. A summary of the results and
descriptive statistics can be found in Table 4.1.
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Table 4.1 Summary of t-Test Results and Descriptive Statistics
Measure
Outliers Normal
Pre-Course
Post-Course
Mean
p
Score
Score
Difference
SJ Score
0
Yes
37.04 (5.29) 37.23 (5.92)
+.20
.73
Statement 1
4*
No
2.86 (.98)
3.14 (.98)
+.29
.06
Statement 2
4*
No
3.04 (.79)
3.07 (.91)
+.04
.78
Statement 3
0
No
2.57 (.83)
2.34 (.96)
-.23
.11
Statement 4
0
No
2.93 (1.01)
2.84 (1.04)
-.09
.51
Statement 5
2*
No
3.20 (.77)
3.29 (.83)
+.09
.46
Statement 6
3*
No
2.52 (.85)
2.63 (.84)
+.11
.39
Statement 7
0
No
2.77 (.89)
2.80 (.98)
+.04
.82
Statement 8
14*
No
2.89 (.71)
2.88 (.90)
-.02
.90
Statement 9
9*
No
3.20 (.70)
3.14 (.80)
-.05
.64
Statement 10
2*
No
3.16 (.85)
3.11 (.87)
-.05
.69
Statement 11
1*
No
2.88 (.85)
2.86 (.77)
-.02
.89
Statement 12
3*
No
1.84 (.91)
2.04 (1.03)
+.20
.18
Statement 13
3*
No
3.20 (.70)
3.11 (.91)
-.09
.49
Note. Standard deviations are presented in parentheses.
* Upon inspection, these outliers were not classified as extreme and were kept in the data.
4.1.1.1 Survey Statement 1
Survey statement 1 is: “An important part of learning is examining one’s own
attitudes and beliefs about race, class, gender, disabilities, and sexual orientation.” It is
scored on a scale of 1-4 as follows: 1 = strongly disagree, 2 = disagree, 3 = agree, 4 =
strongly agree. The results of a paired-sample t-test comparing the pre- and post-course
survey scores on statement 1 follow.
Four outliers were detected and were kept in the analysis as previously explained.
The assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 1 of the post-course survey were higher (3.14 ± .98 points) as
opposed to the pre-course survey (2.86 ± .98 points). The treatment elicited a mean
increase of .29 points, 95% CI [-.01, .58] in Question 1 score from pre-course to postcourse. However, the treatment did not elicit a statistically significant increase in postcourse Question 1 score compared to pre-course Question 1 score, t(55) = 1.93, p > .05.
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There was not a statistically significant difference between means (p =.06 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
4.1.1.2 Survey Statement 2
Survey statement 2 is: “Issues related to racism and inequity should be openly
discussed in the classroom.” It is scored on a scale of 1-4 as follows: 1 = strongly
disagree, 2 = disagree, 3 = agree, 4 = strongly agree. The results of a paired-sample t-test
comparing the pre- and post-course survey scores on statement 2 follow.
Four outliers were detected and were kept in the analysis as previously explained.
The assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 2 of the post-course survey were higher (3.07 ± .91 points) as
opposed to the pre-course survey (3.04 ± .79 points). The treatment elicited a mean
increase of .04 points, 95% CI [-.21, .29] in Question 2 score from pre-course to postcourse. However, the treatment did not elicit a statistically significant increase in postcourse Question 2 score compared to pre-course Question 2 score, t(55) = .29, p > .05.
There was not a statistically significant difference between means (p = .78 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
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4.1.1.3 Survey Statement 3
Survey statement 3 is: “For the most part, covering multicultural topics is only
relevant to certain subject areas, such as social studies and literature.” It is reverse-coded
and scored on a scale of 4-1 as follows: 4 = strongly disagree, 3 = disagree, 2 = agree, 1 =
strongly agree. The results of a paired-sample t-test comparing the pre- and post-course
survey scores on statement 3 follow.
There were no outliers in the data, as assessed by inspection of a boxplot. The
assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 3 of the post-course survey were lower (2.34 ± .96 points) as opposed
to the pre-course survey (2.57 ± .83 points). The treatment elicited a mean decrease of .23
points, 95% CI [-.52, .05] in Question 3 score from pre-course to post-course. However,
the treatment did not elicit a statistically significant increase in post-course Question 3
score compared to pre-course Question 3 score, t(55) = -1.64, p > .05. There was not a
statistically significant difference between means (p = .11 > .05), therefore we must
accept the null hypothesis and reject the alternative hypothesis. That is, we must accept
that the population mean difference between the paired values is equal to zero (H0: µdiff =
0), and reject that the population mean difference between the paired values in not equal
to zero (HA: µdiff ≠ 0).
4.1.1.4 Survey Statement 4
Survey statement 4 is: “The job of a teacher is to only teach their subject’s
content.” It is reverse-coded and scored on a scale of 4-1 as follows: 4 = strongly
disagree, 3 = disagree, 2 = agree, 1 = strongly agree. The results of a paired-sample t-test
comparing the pre- and post-course survey scores on statement 4 follow.
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There were no outliers in the data, as assessed by inspection of a boxplot. The
assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 4 of the post-course survey were lower (2.84 ± 1.04 points) as
opposed to the pre-course survey (2.93 ± 1.01 points). The treatment elicited a mean
decrease of .09 points, 95% CI [-.36, .18] in Question 4 score from pre-course to postcourse. However, the treatment did not elicit a statistically significant increase in postcourse Question 4 score compared to pre-course Question 4 score, t(55) = -.671, p > .05.
There was not a statistically significant difference between means (p =.51 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
4.1.1.5 Survey Statement 5
Survey statement 5 is: “A good learning experience involves the incorporation of
diverse cultures and experiences in classroom lessons and discussions.” It is scored on a
scale of 1-4 as follows: 1 = strongly disagree, 2 = disagree, 3 = agree, 4 = strongly agree.
The results of a paired-sample t-test comparing the pre- and post-course survey scores on
statement 5 follow.
Two outliers were detected and were kept in the analysis as previously explained.
The assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 5 of the post-course survey were higher (3.29 ± .83 points) as
opposed to the pre-course survey (3.20 ± .77 points). The treatment elicited a mean
decrease of .09 points, 95% CI [-.33, .15] in Question 5 score from pre-course to post-
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course. However, the treatment did not elicit a statistically significant increase in postcourse Question 5 score compared to pre-course Question 5 score, t(55) = -.74, p > .05.
There was not a statistically significant difference between means (p =.46 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
4.1.1.6 Survey Statement 6
Survey statement 6 is: “Immigrants and English language learners should be
required to assimilate to American society.” It is reverse-coded and scored on a scale of
4-1 as follows: 4 = strongly disagree, 3 = disagree, 2 = agree, 1 = strongly agree. The
results of a paired-sample t-test comparing the pre- and post-course survey scores on
statement 6 follow.
Three outliers were detected and were kept in the analysis as previously
explained. The assumption of normality was violated, as assessed by Shapiro-Wilk’s test
(p < .05). Scores on Question 6 of the post-course survey were higher (2.63 ± .84 points)
as opposed to the pre-course survey (2.52 ± .85 points). The treatment elicited a mean
increase of .11 points, 95% CI [-.14, .36] in Question 6 score from pre-course to postcourse. However, the treatment did not elicit a statistically significant increase in postcourse Question 6 score compared to pre-course Question 6 score, t(55) = .86, p > .05.
There was not a statistically significant difference between means (p =.39 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
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zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
4.1.1.7 Survey Statement 7
Survey statement 7 is: “It’s reasonable for teachers to have lower classroom
expectations for students who don’t speak English as their first language.” It is reversecoded and scored on a scale of 4-1 as follows: 4 = strongly disagree, 3 = disagree, 2 =
agree, 1 = strongly agree. The results of a paired-sample t-test comparing the pre- and
post-course survey scores on statement 7 follow.
There were no outliers in the data, as assessed by inspection of a boxplot. The
assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 7 of the post-course survey were lower (2.80 ± .98 points) as opposed
to the pre-course survey (2.77 ± .89 points). The treatment elicited a mean decrease of .04
points, 95% CI [-.27, .34] in Question 7 score from pre-course to post-course. However,
the treatment did not elicit a statistically significant increase in post-course Question 7
score compared to pre-course Question 7 score, t(55) = -.234, p > .05. There was not a
statistically significant difference between means (p = .82 > .05), therefore we must
accept the null hypothesis and reject the alternative hypothesis. That is, we must accept
that the population mean difference between the paired values is equal to zero (H0: µdiff =
0), and reject that the population mean difference between the paired values in not equal
to zero (HA: µdiff ≠ 0).
4.1.1.8 Survey Statement 8
Survey statement 8 is: “Part of the responsibilities of a student is to challenge
societal arrangements that maintain social inequities.” It is scored on a scale of 1-4 as
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follows: 1 = strongly disagree, 2 = disagree, 3 = agree, 4 = strongly agree. The results of
a paired-sample t-test comparing the pre- and post-course survey scores on statement 8
follow.
Fourteen outliers were detected and were kept in the analysis as previously
explained. The assumption of normality was violated, as assessed by Shapiro-Wilk’s test
(p < .05). Scores on Question 8 of the post-course survey were approximately the same
(2.88 ± .90 points) as the pre-course survey (2.89 ± .71 points). The treatment elicited a
mean decrease of .02 points, 95% CI [-.30, .26] in Question 8 score from pre-course to
post-course. However, the treatment did not elicit a statistically significant increase in
post-course Question 8 score compared to pre-course Question 8 score, t(55) = -.13, p >
.05. There was not a statistically significant difference between means (p = .90 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
4.1.1.9 Survey Statement 9
Survey statement 9 is: “All students should learn to think critically about
government positions and actions.” It is scored on a scale of 1-4 as follows: 1 = strongly
disagree, 2 = disagree, 3 = agree, 4 = strongly agree. The results of a paired-sample t-test
comparing the pre- and post-course survey scores on statement 9 follow.
Nine outliers were detected and were kept in the analysis as previously explained.
The assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 9 of the post-course survey were lower (3.14 ± .80 points) as opposed
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to the pre-course survey (3.20 ± .70 points). The treatment elicited a mean decrease of .05
points, 95% CI [-.17, .28] in Question 9 score from pre-course to post-course. However,
the treatment did not elicit a statistically significant increase in post-course Question 9
score compared to pre-course Question 9 score, t(55) = .48, p > .05. There was not a
statistically significant difference between means (p =.64 > .05), therefore we must
accept the null hypothesis and reject the alternative hypothesis. That is, we must accept
that the population mean difference between the paired values is equal to zero (H0: µdiff =
0), and reject that the population mean difference between the paired values in not equal
to zero (HA: µdiff ≠ 0).
4.1.1.10 Survey Statement 10
Survey statement 10 is: “Economically disadvantaged students have more to gain
in school because they bring less to the classroom.” It is reverse-coded and scored on a
scale of 4-1 as follows: 4 = strongly disagree, 3 = disagree, 2 = agree, 1 = strongly agree.
The results of a paired-sample t-test comparing the pre- and post-course survey scores on
statement 10 follow.
Two outliers were detected and were kept in the analysis as previously explained.
The assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 10 of the post-course survey were lower (3.11 ± .87 points) as
opposed to the pre-course survey (3.16 ± .85 points). The treatment elicited a mean
decrease of .05 points, 95% CI [-.32, .21] in Question 10 score from pre-course to postcourse. However, the treatment did not elicit a statistically significant increase in postcourse Question 10 score compared to pre-course Question 10 score, t(55) = -.40, p > .05.
There was not a statistically significant difference between means (p = .69 > .05),

70

therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
4.1.1.11 Survey Statement 11
Survey statement 11 is: “Although students should appreciate diversity, it is not
their job to change society.” It is reverse-coded and scored on a scale of 4-1 as follows: 4
= strongly disagree, 3 = disagree, 2 = agree, 1 = strongly agree. The results of a pairedsample t-test comparing the pre- and post-course survey scores on statement 11 follow.
One outlier was detected and was kept in the analysis as previously explained.
The assumption of normality was violated, as assessed by Shapiro-Wilk’s test (p < .05).
Scores on Question 11 of the post-course survey were approximately the same (2.86 ± .77
points) as the pre-course survey (2.88 ± .85 points). The treatment elicited a mean
decrease of .02 points, 95% CI [-.28, .25] in Question 11 score from pre-course to postcourse. However, the treatment did not elicit a statistically significant increase in postcourse Question 11 score compared to pre-course Question 11 score, t(55) = -.14, p > .05.
There was not a statistically significant difference between means (p =.89 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
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4.1.1.12 Survey Statement 12
Survey statement 12 is: “Whether a student succeed in school depends primarily
on how hard they work.” It is reverse-coded and scored on a scale of 4-1 as follows: 4 =
strongly disagree, 3 = disagree, 2 = agree, 1 = strongly agree. The results of a pairedsample t-test comparing the pre- and post-course survey scores on statement 12 follow.
Three outliers were detected and were kept in the analysis as previously
explained. The assumption of normality was violated, as assessed by Shapiro-Wilk’s test
(p < .05). Scores on Question 12 of the post-course survey were higher (2.04 ± 1.03
points) as opposed to the pre-course survey (1.84 ± .91 points). The treatment elicited a
mean increase of .20 points, 95% CI [-.09, .48] in Question 12 score from pre-course to
post-course. However, the treatment did not elicit a statistically significant increase in
post-course Question 12 score compared to pre-course Question 12 score, t(55) = 1.38, p
> .05. There was not a statistically significant difference between means (p = .18 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
4.1.1.13 Survey Statement 13
Survey statement 13 is: “College students should only prepare for the life they are
likely to lead.” It is reverse-coded and scored on a scale of 4-1 as follows: 4 = strongly
disagree, 3 = disagree, 2 = agree, 1 = strongly agree. The results of a paired-sample t-test
comparing the pre- and post-course survey scores on statement 13 follow.
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Three outliers were detected and were kept in the analysis as previously
explained. The assumption of normality was violated, as assessed by Shapiro-Wilk’s test
(p < .05). Scores on Question 13 of the post-course survey were lower (3.11 ± .91 points)
as opposed to the pre-course survey (3.20 ± .70 points). The treatment elicited a mean
decrease of .09 points, 95% CI [-.35, .17] in Question 13 score from pre-course to postcourse. However, the treatment did not elicit a statistically significant increase in postcourse Question 13 score compared to pre-course Question 13 score, t(55) = -.70, p > .05.
There was not a statistically significant difference between means (p = .49 > .05),
therefore we must accept the null hypothesis and reject the alternative hypothesis. That is,
we must accept that the population mean difference between the paired values is equal to
zero (H0: µdiff = 0), and reject that the population mean difference between the paired
values in not equal to zero (HA: µdiff ≠ 0).
4.1.2

Interaction Tests

Two-way mixed analysis of variance (ANOVA) was performed with each of the
eight independent variables to determine whether there was an interaction between the
between- and within-subjects factors (e.g., gender*time). The two-way mixed ANOVA is
often used to determine whether there are differences between independent groups over
time (Laerd Statistics, 2015). In this study, the within-subjects factor, time, was
represented with the pre-course survey and the post-course survey, being separated in
time by approximately 8 weeks. The between-subjects factors were the demographic
categories (independent variables). A detailed discussion of the results for each
independent variable follows. A summary of the results is found in Table 4.2.
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Table 4.2 Summary of Interaction Test Results
Interaction
Outliers
Gender*Time
0
Age*Time
0
Ethnicity*Time
0
Home Continent*Time
0
Home Location*Time
0
Highest Degree Completed*Time
0
Income*Time
0
Discussion Forums
0
Completed*Time

Normal
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

F ratio
2.81
.48
.60
.29
2.24
.99
1.48
1.66

p
.10
.70
.66
.29
.10
.42
.21
.13

η2
.05
.03
.05
.11
.11
.07
.13
.22

Gender: There were no outliers, as assessed by examination of studentized
residuals for values greater than ±3. The data was normally distributed, as assessed by
Shapiro-Wilk's test of normality (p > .05). There was homogeneity of variances (p > .05)
and covariances (p > .001), as assessed by Levene's test of homogeneity of variances and
Box's M test, respectively. There was not a statistically significant interaction between
the gender and time on Social Justice scores, F(1, 54) = 2.81, p = .10 > .05, partial η2 =
.05.
Age: There were no outliers, as assessed by examination of studentized residuals
for values greater than ±3. The data was normally distributed, as assessed by ShapiroWilk's test of normality (p > .05). There was homogeneity of variances (p > .05) and
covariances (p > .001), as assessed by Levene's test of homogeneity of variances and
Box's M test, respectively. There was not a statistically significant interaction between
the age and time on Social Justice scores, F(3, 52) = .48, p = .70 > .05, partial η2 = .03.
Ethnicity: There were no outliers, as assessed by examination of studentized
residuals for values greater than ±3. The data was normally distributed, as assessed by
Shapiro-Wilk's test of normality (p > .05). There was homogeneity of variances (p > .05)
and covariances (p > .001), as assessed by Levene's test of homogeneity of variances and
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Box's M test, respectively. There was not a statistically significant interaction between
the ethnicity and time on Social Justice scores, F(4, 51) = .60, p = .66 > .05, partial η2 =
.05.
Home Continent: There were no outliers, as assessed by examination of
studentized residuals for values greater than ±3. The data was normally distributed, as
assessed by Shapiro-Wilk's test of normality (p > .05). There was homogeneity of
variances (p > .05) and covariances (p > .001), as assessed by Levene's test of
homogeneity of variances and Box's M test, respectively. There was not a statistically
significant interaction between the home continent and time on Social Justice scores, F(5,
50) = .29, p = .29 > .05, partial η2 = .11.
Home Location: There were no outliers, as assessed by examination of
studentized residuals for values greater than ±3. The data was normally distributed, as
assessed by Shapiro-Wilk's test of normality (p > .05). There was homogeneity of
variances (p > .05) and covariances (p > .001), as assessed by Levene's test of
homogeneity of variances and Box's M test, respectively. There was not a statistically
significant interaction between the home location and time on Social Justice scores, F(3,
52) = 2.24, p = .10 > .05, partial η2 = .11.
Highest Degree Completed: There were no outliers, as assessed by examination of
studentized residuals for values greater than ±3. The data was normally distributed, as
assessed by Shapiro-Wilk's test of normality (p > .05). There was homogeneity of
variances (p > .05) and covariances (p > .001), as assessed by Levene's test of
homogeneity of variances and Box's M test, respectively. There was not a statistically
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significant interaction between the highest degree earned and time on Social Justice
scores, F(4, 51) = .99, p = .42 > .05, partial η2 = .07.
Income: There were no outliers, as assessed by examination of studentized
residuals for values greater than ±3. The data was normally distributed, as assessed by
Shapiro-Wilk's test of normality (p > .05). There was homogeneity of variances (p > .05)
and covariances (p > .001), as assessed by Levene's test of homogeneity of variances and
Box's M test, respectively. There was not a statistically significant interaction between
the income and time on Social Justice scores, F(5, 50) = 1.48, p = .21 > .05, partial η2 =
.13.
Discussion Forums Completed: There were no outliers, as assessed by
examination of studentized residuals for values greater than ±3. The data was normally
distributed, as assessed by Shapiro-Wilk's test of normality (p > .05), with the exception
of the post-course Social Justice score for those who completed 6 discussion forums (p <
.0005). There was homogeneity of variances (p > .05) and covariances (p > .001), as
assessed by Levene's test of homogeneity of variances and Box's M test, respectively.
There was not a statistically significant interaction between the income and time on
Social Justice scores, F(8, 47) = 1.66, p = .13 > .05, partial η2 = .22.

4.2

Qualitative Results
Qualitative analysis was first conducted on responses to only the matching first

and last social justice discussion forum prompt: “Discuss what the phrase ‘learning math
for social justice’ means to you.” From this, quotes from student responses demonstrating
various levels of social justice mindset were extracted. Finally, three study participants
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were selected for further analysis of their interactions in the eight social justice-based
discussion forums.
4.2.1 Definitions of “Learning math for social justice”
Qualitative analysis was first conducted on responses to only the matching first
and last social justice discussion forum prompt: “Discuss what the phrase ‘learning math
for social justice’ means to you.” The following ordinal scale was used to designate the
level of understanding: Level 0 = “no meaning stated”, Level 1 = “providing equitable
math learning for all”, Level 2 = “using math to understand issues of social justice”,
Level 3 = “understanding math can be used to take action in issues of social justice”, and
Level 4 = “using math to personally take action in issues of social justice.” Each student
discussion forum response was placed into one of these levels.
Table 4.3 provides a summary of the response count for each level. Note that of
the 56 study participants, 46 completed the initial discussion forum and 47 completed the
final discussion forum. Forty participants completed both the initial and final discussion
forums. The net change in levels was calculated for the forty students completing both
forums (e.g., a student whose initial response is level 2 and final response is level 3
would have a net change in levels of 3 - 2 = +1). Table 4.4 provides a summary of the
count for each net change in levels. Table 4.5 provides selected student quotes for each
level in response to the prompt: “Discuss what ‘learning math for social justice’ means to
you.” All names used are pseudonyms to protect the confidentiality of the students.
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Table 4.3 Summary of Response Count for each Qualitative Level
Level
Initial Forum Count Final Forum Count Total
0
8
4
12
1
7
5
12
2
16
13
29
3
5
11
16
4
10
14
24
Total
46
47
93

Table 4.4 Net Change in Level
Net Change in Levels Count
-4
1
-3
2
-2
2
-1
6
+0
10
+1
7
+2
7
+3
3
+4
2
Total
40
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Table 4.5 Selected Initial and Final Discussion Forum Response Excerpts by Level
Level
0

Example quote
Becky (initial): “…how many opportunities I have had with my education.”
Nina (initial): “Learning math for social justice, to be blunt, does not have a
meaning to me. I never knew that math wasn't just to people.”
*Shawnda (final): “Learning math for social justice means that social justice is
applicable in all we do.”

1

Rebecca (initial): “…giving everyone a fair opportunity to learn math….”
Cynthia (final): “…no matter who you are, where you come from or what your
background is, everyone should have the same opportunities to learn and be
taught, as anyone else does…”
Kristen (initial): “…learning from a curriculum that has been developed for all
students and promotes equity…”
*Juan (initial): “…it is due that good mathematics is taught in schools so that
it can then be applied in a fair distribution of resources and economic powers.”

2

Cynthia (initial): “…present mathematical lessons and teaching in a way that
will help students build a better understanding of academic and economic
situations in real life…”
Tyrone (initial): “…to help spread awareness in a mathematics classroom
about the differences that people might experience in the real world…”
Laura (initial): “…being able to bring in social issues will help you in the real
world and some problems we may face…”
Nina (final): “…individuals learn math to better understand the social
game…”
Brockton (initial): “… Math allows data to be viewed with statistics and
percentages for greater understanding.”
*Kaylee (initial): “…everything someone needs to know to truly understand
the numbers of real life to help you better understand how things work…”
Tyler (initial): “… By learning math and understanding the numbers, everyone
can have a better understanding of issues that may impact certain people more
than others. …”
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Level
3

Example quote
Tyrone (final): “…learning about math in a way that can help with social
inequality.”
Barbara (final): “…with math one can statistically and mathematically identify
systemic injustice and have mathematical proof to back up their claim.”

4

Becky (final): “… I have learned different algebraic concepts and how they
work and also how I could potentially use this in my future. …”
*Shawna (initial): “…puts emphasis on the idea of learning that numbers and
equality doesn’t always have to be for the classroom. It is something that can
be applied to everyday life…”
Sarah (final): “…math serves as a foundation to analyzing and interpreting
various issues in the social justice realm … math is a tool, a universal
language which can be used to provide unbiased information to the global
audience and help raise awareness towards the issues that matter the most…”
*Juan (final): “We can calculate the differences … and guide the laws and
labor organization for a more egalitarian society … students are the starting
point, since it is not a short-term change…”
Michael (initial): “…promoting equity within the mathematics classroom, but
also on empowering students to understand and confront inequities outside the
classroom.”
Gary (final): “…understanding what needs to be changed and how to change
it. If you want to make changes you need to first know what to change and
math is very important to understanding the numbers used to represent the
world such as statistics.”
Brockton (final): “…math such as statistics and percentages can be used to
help people understand ideas better. This course has showed me how
important it is not to trust figures people give out and to make sure I do my
own research…”
*Kaylee (final): “…not simply a reason to know math it is a way to help
change the world for the better. … If you do not know how to read data you
can not be aware of what all is happening in the world. …”
Kristen (final): “…means using our knowledge of math, and how tricky it can
sometimes be, to help others in the real world…”

* In Section 4.2.2, further analysis is conducted for Juan, Kaylee, and Shawnda.
Note. Initial refers to a response given on the initial discussion forum. Final refers to a
response given on the final discussion forum.
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4.2.2

Further Analysis

From the selected comments above, three students were chosen for further
analysis: (1) Juan, (2) Kaylee, and (3) Shawnda. These students were selected from those
whose net change in levels was greater than +2 or less than -2. Each of these students
participated in all 8 discussion forums. Their posts on discussion forums 2-7 (those
between the first and last) were then extracted and further analyzed. Quotes from selected
posts are provided in the following sections. These posts were selected due to their
contribution to the individual student’s story during the course. Omitted posts were
primarily computational in manner or responses of affirmation to classmates’ posts.
4.2.2.1 Case 1: Juan
Juan had a net change of +3, moving from level 1 on the initial forum post to
level 4 on the final forum post. His responses to the initial and final discussion forums are
provided in Table 4.5 in section 4.2.1. In this section, selected responses from forums 2-7
will be provided. Selected replies to classmates for forums 1 and 8 are also provided.
Juan was enrolled in College Algebra. Refer to Appendix D for complete discussion
forum prompts.
Juan replies to a classmate in the first discussion forum that “…a person who
contributes to the development of society and a better future is not fair if they have the
same net worth as any other person. … This is only achieved if mathematics is used as a
means of justice …” He further states in the second discussion that the gender wage gap
should be “improved in the future, but only with the real appearance of competent
women … really qualified women who can contribute to the sector. Salaries and jobs are
not given away no matter how much inequality exists.”
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In the third discussion forum, Juan states “employees should be paid according to
their level of work and its quality.” This is followed up in the fifth discussion forum with
comments regarding the wage differences for workers with disabilities:
It does not seem so strange to me that workers without disabilities have higher
salaries than those with some type of disability, … The difference must exist, but
it must be minimal since we must build an egalitarian society with insignificant
but fair differences.
When discussing the connection between education and earnings in the sixth
discussion forum, Juan states that “[a] person who has had no education at all is unable to
increase his earnings as much as someone who has had a higher education.” He goes on
the state that “…if the education is good and extensive, work experience will be easier to
get and with better conditions, so, in the long term, … all this will add up to powerful and
greater earnings. In general a better future.”
In the final discussion forum, Juan reiterates his own posting ideals (see Table
4.5) in his response to a classmate:
I agree that mathematics is a method of helping to understand society and helping
to improve it. …the data … show us inequalities in all aspects in a clearer way. …
the numbers and calculations that can be made give an objective value and reflect
the pure reality of the social situation.
4.2.2.2 Case 2: Kaylee
Kaylee had a net change of +2, moving from level 2 on the initial forum post to
level 4 on the final forum post. Her responses to the initial and final discussion forums
are provided in Table 4.5 in section 4.2.1. In this section, selected responses from forums
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2-7 will be provided. Selected replies to classmates for forums 1 and 8 are also provided.
Kaylee was enrolled in College Algebra. Refer to Appendix D for complete discussion
forum prompts.
Kaylee replied to a classmate in the first discussion forum with: “When you said
you were not sure if you would use math again I too had thought that … I agree about
your statement of ‘bringing social justice into math class, it only promotes the need for
equality’.” In the second discussion forum, Kaylee states that the wage gap “shows to me
that the world doesn't believe women deserve as much credit as men for working and that
is unbelievable.” In her third discussion forum prompt discussing reasons for wage
variance, Kaylee states: “Education is something that makes people have a higher pay
because they took time and money to go the extra mile and now they probably are in a
higher department which goes along with job title and … higher pay.”
Kaylee draws the following conclusions in the fourth discussion forum when
considering wage variances by location, gender, and ethnicity: “The ethnicity and race of
people do affect how easily you get a job and how much you are paid.” She goes on to
state that “10 or 20 cents less for every dollar doesn't should like much but when its
added up that is up to thousands of dollars less than someone else.”
Her insight continues in the sixth discussion forum where she stated the following
regarding the connection between education and earnings: “Access to education would
improve a person's future and help them meet their goals. … People who go to college
increase the chance of their children going to college verses parents who don't.” In the
same discussion, she gives the following response to a classmate: “Access to education
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can change your whole life and I wished that anyone who wanted to get an education
could.”
In the seventh discussion forum, Kaylee questions “Why should someone's DNA
change their pay if they are doing the same job?” And, in the final discussion forum,
Kaylee reiterates her own posting ideals (see Table 4.5) in her responses to classmates.
To the first classmate, she wrote: “I like how you pointed out that students are the way to
make a change. …learning for social justice has helped me find a reason to pursue math
not only for college but for bigger ideas for the world.” To the second classmate, she
wrote: “Using real life scenarios helped learn math and … even helped me learn about
life. I enjoyed learning about the gender pay gap and the other pay gaps because I think
that those are important topics that should be talked about.”
4.2.2.3 Case 3: Shawnda
Shawnda had a net change of -4, moving from level 4 on the initial forum post to
level 0 on the final forum post. Her responses to the initial and final discussion forums
are provided in Table 4.5 in section 4.2.1. In this section, selected responses from forums
2-7 will be provided. While Shawnda did participate in all 8 discussion forums, her
interactions were more limited than either Juan and Kaylee. They were primarily
computational and factual in nature with less social justice commentary. Shawna was
enrolled in College Mathematics. Refer to Appendix C for complete discussion forum
prompts.
In the third discussion forum regarding healthcare expenses for uninsured
individuals, Shawnda wrote: “If someone is making minimum wage or lives from ‘check
to check,’ then having something deducted from their check that may not be as important
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as monthly living expenses would make a person decline the option to have insurance.”
In the fifth discussion forum, Shawnda wrote the following regarding the impact of living
location and population on a person during a public health crisis: “The population and
area of each city play a role in the impact of COVID-19 because with more people and a
smaller area, it doesn't allow for much space between individuals.” In the seventh
discussion forum, Shawnda wrote:
Credit invisibility and unscorable statuses cause hardships for individuals looking
to apply for credit cards, house/auto/emergency loans, and will have higher
security deposits. This could impact an individual's health if they needed an
emergency loan to pay for a necessary medical procedure.

4.3

Comparison of Quantitative and Qualitative Findings
In the convergent method, after separately analyzing the quantitative and

qualitative data, the two databases are merged (Creswell & Plano Clark, 2018). The
integrated results are then analyzed in an effort to answer the research questions. The
integrated results will be given in this section.
4.3.1

Intent of Integration

As discussed in the methodology, Creswell and Plano Clark’s (2018) mention
three intents for using the convergent design: (1) obtaining a more complete
understanding of the problem, (2) validating one set of findings with the other, and (3)
determining if participants respond in a similar way to quantitative and qualitative
measures. This study intends to examine each of these three intents.
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4.3.2

Integration Procedures and Results

Data transformation integration procedures were conducted to determine if
participants responded in a similar way to quantitative and qualitative measures
(Creswell & Plano Clark, 2018). First, the quantitative data was transformed to a
dichotomous variable using the difference between the post-course Social Justice score
and the pre-course Social Justice score as follows: (1) 0 = no increase (i.e., a negative
difference in scores or no change in score) and (2) 1 = an increase (i.e., a positive
difference in scores). Second, the qualitative data was transformed to a dichotomous
variable using the difference between the final discussion forum level and the initial
discussion forum level as follows: (1) 0 = no increase (i.e., a negative difference in levels
or no change in levels) and (2) 1 = an increase (i.e., a positive difference in levels). A chisquare test for association was conducted between Social Justice score change and
discussion forum level change. All expected cell frequencies were greater than five.
There was not a statistically significant association between social justice score change
and discussion forum level change, χ2(1) = .10, p = .75 (Laerd Statistics, 2016).
The crosstabulation for the Social Justice score change and the discussion forum
level change is provided in Table 4.5. The forty students who completed the pre- and
post-course surveys, as well as the initial and final discussion forum are included.
Students are approximately evenly distributed among the four possible outcomes: (1) no
increase in both Social Justice score and discussion forum level (n = 11), (2) increase in
discussion forum level, but no increase in Social Justice score (n = 9), (3) increase in
Social Justice score, but no increase in discussion forum level (n = 10), and (4) increase
in both Social Justice score and discussion forum level (n = 10).
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Table 4.6 Social Justice Score Change*Discussion Forum Level Change Crosstabulation
DF Level Change
Did Not
Increased
Total
Increase
SJ Score Did Not
Count
11
9
20
Change
Increase
Expected Count
10.5
9.5
20.0
% within SJ Score Change
55.0%
45.0%
100.0%
% within DF Level Change
52.4%
47.4%
50.0%
% of Total
27.5%
22.5%
50.0%
Increased Count
10
10
20
Expected Count
10.5
9.5
20.0
% within SJ Score Change
50.0%
50.0%
100.0%
% within DF Level Change
47.6%
52.6%
50.0%
% of Total
25.0%
25.0%
50.0%
Total
Count
21
19
40
Expected Count
21.0
19.0
40.0
% within SJ Score Change
52.5%
47.5%
100.0%
% within DF Level Change
100.0%
100.0%
100.0%
% of Total
52.5%
47.5%
100.0%

To begin understanding possible connections between completion of discussion
forums and score/level change, the number of discussion forums completed by the
participants within each outcome were averaged. The average number of discussion
forums completed for participants within each outcome can be found in Table 4.5.
Students who did not increase in Social Justice score nor discussion forum level
completed the least at 6.8 forums, on average. This is only slightly lower than the
averages for the other three outcomes. Students who increased in discussion forum level,
but not in Social Justice score completed the most discussion forums at 7.6, on average.
Again, this is only slightly higher than the averages for the other three outcomes.
Table 4.7 Average Number of Discussion Forums Completed
DF Level Change
Did Not Increase Increased
SJ Score Change Did Not Increase
6.8
7.6
Increased
7.2
7
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CHAPTER 5. DISCUSSION
Given the increasing demand for online education (Publications and Products,
n.d.) and the increasingly documented concept of learning math for social justice (e.g,
Gutstein & Peterson, 2013; Karaali & Khadjavi, 2019; Berry et al., 2020; Gutiérrez R.,
2009; Boaler J., 2015), this study sought to connect the online learning environment and
learning math for social justice through the use of social justice-based online discussion
forums built on the framework of Gutstein’s 3 C’s (Gutstein E. , Connecting Community,
Critical, and Classical Knowledge in Teaching Mathematics for Social Justice, 2007).
This led to the research question: “How do social justice-based discussion forums in
online undergraduate math courses impact students’ social justice beliefs?”
Unfortunately, no prior research was found relating the online learning environment to
learning math for social justice. Therefore, existing literature on teaching math for social
justice in the classroom (e.g., Berry et al., 2020; Gutstein & Peterson, 2013; Karaali &
Khadjavi, 2019) was adapted to the online learning environment through the use of
discussion forums. Each social justice-based discussion forum prompt was developed
with Gutstein’s 3 C’s in mind: (1) community knowledge, (2) critical knowledge, and (3)
classical knowledge (Gutstein E. , Connecting Community, Critical, and Classical
Knowledge in Teaching Mathematics for Social Justice, 2007). The impact of these
discussion forums became the basis of analysis for this study.
In this study, students in three online undergraduate math courses were required
to complete a pre-course survey and a post-course survey, as well as eight dicussion
forums. The surveys, based on Ludlow et al.’s (2008) Learning to Teach for Social
Justice – Beliefs Scale (LTSJ-Beliefs), were used to collect demographic information and
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to measure students’ social justice mindset. This quanititative data was first used for
statistical analysis. The discussion forums collected student responses to social justicebased prompts developed around Gutstein’s 3 C’s (Gutstein E. , Connecting Community,
Critical, and Classical Knowledge in Teaching Mathematics for Social Justice, 2007),
including each student’s personal definition of “learning math for social justice” at the
beginning and the end of the course. These personal definitions illustrated students’
knowledge from outside the classroom (community knowledge), students’ understanding
of why things are the way they are (critical knowedge), and students’ knowledge from the
traditional classroom (classical knowledge). This qualitative data was first used to
examine the social justice mindset journey throughout the course for each student. The
qualitative and quantitative data sets were then merged and compared. A discussion of
the results, followed by the conclusions, limitations, and implications are given in the
following sections.
Before discussing the results, I would like to briefly discuss my personal
intentions in this study. No agenda, political or otherwise, was pushed through this study.
Careful thought was taken in the wording of the discussion forum prompts to limit any
potential influence on students’ responses. Throughout the study it was communicated to
the students that they were not being “judged” or graded based upon their personal
opinions and statements. Student interactions were monitored to ensure civility and
mutual respect. The ultimate goal of the researcher was employing the powerful human
connection to social justice topics in order to empower students’ through quantitative
literacy and critical thinking with hopes students would not only see the power math
skills provide, but also see how they have the power to use these skills to better the world
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around them, i.e. power to “read and write the world with mathematics” (Gutstein E. ,
Reading and Writing the World with Mathematics: Toward a Pedagogy for Social
Justice, 2006). If just one student takes this away from the study and uses this knowledge,
our world can become a better place.

5.1

Discussion of Results
Both quantitative and qualitative data showed a lack of consistent impact on

student social justice mindset from pre-treatment to post-treatment. In order to best
understand this data under the convergent mixed methods design (Creswell & Plano
Clark, 2018), we first discuss the results of the datasets separately, and then compare to
examine any similarities and differences. The following sections will discuss the survey
results, the discussion forum results, and the connections between the results.
5.1.1

Highlights from Survey Results

Statistical analysis using paired-samples t-tests on pre- and post-course Social
Justice scores showed no statistical significance (p > .05). Further analysis using pairedsamples t-tests for scores on individual pre- and post-course question responses also
showed no statistical significance (p > .05). Two-way mixed analysis of variance
(ANOVA) was performed with each of the eight independent variables to determine
whether there was an interaction between the between- and within-subjects factors (e.g.,
gender*time). The results of each ANOVA were also found to not be statistically
significant (p > .05).
Lack of statistical significance may be partially attributable to the small sample
size (n = 56). Another consideration is the possibility of student responses being
impacted by their own growing awareness of social justice issues and mindsets. As the
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students become more aware, it could be hypothesized that they may struggle to choose
the more extreme responses (i.e., strongly agree or strongly disagree). See the limitations
for a further discussion of response variation.
Further, the American Statistical Association addressed several concerns relating
to the determination of statistical significance based solely on p-value (Wasserstein &
Lazar, 2016). Their sixth of six principles concerning p-values states: “By itself, a pvalue does not provide a good measure of evidence regarding a model or hypothesis” (p.
132). The statement further argues that “data analysis should not end with the calculation
of a p-value when other approaches are appropriate and feasible” (p. 132). While the pvalues found in this study did not meet the traditional .05 threshold, the results found
leave the researchers optimistic about the overall impact of the study. When the
quantitative and qualitative data are combined (see sections 5.1.3 and 5.1.4 for further
discussion), we see that many of the findings did align. Even a slight change can be worth
noting when a socially-charged topic, such as social justice, is involved.
With this in mind, further analysis led to the interesting observation that the three
statements with greatest change in mean score closely related to two of Gutstein’s 3 C’s
(Gutstein E. , Connecting Community, Critical, and Classical Knowledge in Teaching
Mathematics for Social Justice, 2007). These statements, along with their related “C”
from Gutstein’s framework are provided in the following sections. The pre-course mean
scores, post-course mean scores, and changes in mean score are also included.
5.1.1.1 The Greatest Change in Mean Score
The greatest change in mean score resulted from statement 1: “An important part
of learning is examining one’s own attitudes and beliefs about race, class, gender,
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disabilities, and sexual orientation.” This statement closely related to Gutstein’s (2007)
second “C,” critical knowledge. Students were examining their own understanding of
why things are the way they are. The mean score for statement 1 increased in social
justice mindset by .29 points from 2.86 to 3.14, indicating a greater level of agreement
with the statement.
It must be acknowledged that this statement, modified only slightly from Ludlow
et al.’s Learning to Teach for Social Justice – Beliefs Scale (2008), is “double-barreled”
in the sense that many issues are touched upon, but only one answer is allowed. A student
may have varying opinions in regards to race, class, gender, disabilities, and sexual
orientation, but is forced to choose one answer for all of these classifying traits. This
could lead to skewed results in the survey. If the researchers require further
understanding of each category, separate statements may be required in future studies.
5.1.1.2 Second Greatest Change in Mean Score
The second greatest change in mean score resulted from statement 3: “For the
most part, covering multicultural topics is only relevant to certain subject areas, such as
social studies and literature.” This statement closely related to Gutstein’s (2007) third
“C,” classical knowledge. Students were examining traditional classroom learning. Past
school experiences likely restricted learning of social justice-related issues to courses in
certain subjects, not including math courses. The mean score of this reverse-coded
statement decreased in social justice mindset by .23 points from 2.57 to 2.34, indicating a
slightly higher level of agreement with the statement.
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5.1.1.3 Third Greatest Change in Mean Score
The third greatest change in mean score resulted from statement 12: “Whether a
student succeeds in school depends primarily on how hard they work.” This statement is
also closely related to Gutstein’s (2007) second “C,” critical knowledge. Students were
further examining their understanding of why things are the way they are. The mean
score of this reverse-coded statement increased in social justice mindset by .20 points
from 1.84 to 2.04, ever so slightly transitioning the average from agreeing with the
statement to disagreeing with the statement. All other statements had a mean change of
less than .12 points (see Table 4.1).
While the decrease in social justice mindset shown by the mean score on
statement 3 (the second greatest change) can be disheartening, this information can be
used in guiding future research. More diverse topics could lead to more positive
outcomes. This is discussed further in the following sections. More importantly, the
increases in social justice mindset shown by the mean score on statements 1 and 12 (the
greatest and third greatest mean changes) both fall under the area of “critical knowledge”
(Gutstein E. , Connecting Community, Critical, and Classical Knowledge in Teaching
Mathematics for Social Justice, 2007). This change in how students understand things to
be the way they are provides hope that students’ social justice mindsets can be impacted
through the use of discussion forums in online courses.
5.1.2

Highlights from Discussion Forum Results

Using the constant comparative method with open-coding (Johnson &
Christensen, 2019) on the initial and final discussion forum posts discussion students’
personal definitions of “learning math for social justice,” 13 categories were developed

93

based on Gutstein’s 3 C’s (Gutstein E. , Connecting Community, Critical, and Classical
Knowledge in Teaching Mathematics for Social Justice, 2007). From this, five common
themes emerged. These themes were given level designations as follows: Level 0 = “no
meaning stated”, Level 1 = “providing equitable math learning for all”, Level 2 = “using
math to understand issues of social justice”, Level 3 = “understanding math can be used
to take action in issues of social justice”, and Level 4 = “using math to personally take
action in issues of social justice.” While more students increased in level than decreased,
the most common outcome was no change in level. Out of 40 students completing both
the initial and final discussion forum discussions, ten had no change in level, 19 increased
in level, and 11 decreased in level. One challenge in comparison of initial and final
discussion forums resulted from the perceived level of effort demonstrated by the
students. Some responses appeared to be well thought out while others appeared to be
rushed and lacked critical thinking. Due to the existing format of the courses, discussion
forums held a low point value in student course grade calculations. It could be
hypothesized that if higher point value assignments were used, students may have more
consistently put forth a high level of effort.
5.1.3 Discussion of Combined Results
Combining the quantitative and qualitative data, it was found that 11 students
increased in neither Social Justice score nor discussion forum level, and 10 students
increased in both Social Justice score and discussion forum level. Under the intents of
convergent design (Creswell & Plano Clark, 2018), this would align the findings of the
two data sets and demonstrate students responded in similar ways to quantitative and
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qualitative measures. However, of the 40 students who completed the discussion forums
and surveys, only 21 fell into these outcomes.
It was found that the remaining 19 students had a mixture of increasing and not
increasing outcomes for the Social Justice scores and discussion forum levels. Of those
19 students, 9 students increased in discussion forum level, but not in Social Justice score
and 10 students increased in Social Justice score, but not in discussion forum level.
Further exploration of the 11 students who did not increase in either measure showed that
5 students decreased in both measures, 5 students maintained the same discussion forum
level, but decreased in the Social Justice score, and 1 student remained the same in both
measures. Further exploration of the 10 students who increased in Social Justice score,
but not in discussion forum level showed 6 decreased in discussion forum level while 4
remained at the same level. The 9 students who increased in discussion forum level, but
not in Social Justice score all saw a decrease in their Social Justice score. This
information is summarized in Table 5.1.
Table 5.1 Student Count by Changes in Social Justice Score and Discussion Forum Level
DF Level
Decreased Remained the Same Increased Total
SJ Score Decreased
5
5
9
19
Remained the Same
0
1
0
1
Increased
6
4
10
20
Total
11
10
19
40
5.1.4

Further Discussion of Combined Results

Further utilizing the intents of convergent design (Creswell & Plano Clark, 2018),
quantitative and qualitative results were combined and analyzed to obtain a more
complete understanding. Observations from selected subsets are discussed in the
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following sections. Data points for students from these subsets were selected for
inclusion based on their representative nature to aid in further understanding.
5.1.4.1 Decreases in Both Measures
Examination of the five students who decreased in both measures showed they
were all female, non-traditional (<18 years old or >24 years old) students from rural or
suburban locations. Within this group, decreases in Social Justice scores ranged from 2 to
5 points, decreases in discussion forum levels ranged from 1 to 3 levels, and the number
of discussion forums completed ranged from 7 to 8. One such student began the course
with a Social Justice score of 32 and a discussion forum level of 4. At the end of the
course, the same student had a Social Justice score of 28 and a discussion forum level of
2. Her initial discussion stated that learning math for social justice means “learning how
to confront any inequalities” both “within the classroom and also outside the classroom.”
In her final discussion, she stated her meaning as it helps to better “understand the
mathematical side of these inequalities” (referring to pay gaps). Her focus, along with
others in this group, shifted toward the topic of the discussions more than the general
social justice idea.
5.1.4.2 Decrease in Social Justice Score, Increase in Discussion
Forum Level
Of the nine students who increased in discussion forum level but decreased in
Social Justice score, all but one were traditional college-age (18-24 years old). They
represented various other demographic groups. Within this group, decreases in Social
Justice scores ranged from 1 to 8 points, increases in discussion forum levels ranged from
1 to 4 levels, and the number of discussion forums completed ranged from 5 to 8. One
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such student began the course with a Social Justice score of 37 and a discussion forum
level of 2. At the end of the course, the same student had a Social Justice score of 32 and
a discussion forum level of 4. In her initial discussion forum, she says learning math for
social justice means “being able to bring in social issues [that] will help you in the real
world.” At the end of the course, she changes her meaning to being able “to understand
and confront inequities not just in the classroom but everywhere.” This makes for an
interesting scenario – while her response is much more of the social justice mindset, her
Social Justice score decreased by 5 points. One hypothesis for this situation is that by
becoming more socially aware, her personal interpretation of the survey scale was altered
(Zaller & Feldman, 1992).
5.1.4.3 Decrease in Discussion Forum Level,
Increase in Social Justice Score
Finally, of the six students who increased on their Social Justice score but
decreased in discussion forum level, all were females and two were from international
locations. All six were from urban or suburban areas. Within this group, increases in
Social Justice scores ranged from 2 to 8 points, decreases in discussion forum levels
ranged from 1 to 4 levels, and the number of discussion forums completed ranged from 5
to 8. One such student began the course with a Social Justice score of 42 and a discussion
forum level of 3. At the end of the course, the same student had a Social Justice score of
46 and a discussion forum level of 1. In her initial discussion forum, she says learning
math for social justice means “that we can apply math to everyday social problems.” At
the end of the course, she states that “learning math for social justice is important as there
is a gap with certain math education in different schools.” This makes for another
interesting scenario – while her initial Social Justice score was high and increased to an
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even higher level, her discussion forum level decreased by 2. In her response she seems
to become sidetracked with the idea of economics and wages. This could be attributed to
the sole focus of the wage gap in the discussion forums.

5.2

Conclusions
Many insights arose from the qualitative data and the mixing of the two datasets.

Foremost, while the importance on learning math for social justice has become an
increasingly researched topic (e.g, Gutstein & Peterson, 2013; Karaali & Khadjavi, 2019;
Berry et al., 2020; Gutiérrez R., 2009; Boaler J., 2015), there is a glaring gap in
transitioning existing frameworks (e.g., Gutstein’s 3 C’s, Gutiérrez’s Four Dimensions of
Equity, Boaler’s relational equity model, Social Justice Mathematics Framework) and
curricula (e.g., “Rethinking Mathematics: Teaching Social Justice by the Numbers”
(Gutstein & Peterson, Rethinking Mathematics: Teaching Social Justice by the Numbers,
2013), “Mathematics for Social Justice” (Karaali & Khadjavi, 2019), “High School
Mathematics Lessons to Explore, Understand, and Respond to Social Injustice” (Berry et
al., 2020) “A Guide for Integrating Issues of Social and Economic Justice into
Mathematics Curriculum” (Osler, Social Justice Math, 2007), various articles and books
by Jo Boaler (2008, 2015, 2016) beyond the traditional classroom to other modes of
eduational instruction. This study was a small start in the attempt to bridge this
significant gap. The following sections discuss limitations, as well as the implications for
online math instructors and future research.
5.2.1

Limitations

More research is needed on a larger population to determine any significant
impacts social justice-based online discussion forums may have on the social justice
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mindset of students. Depending on the student population demographics, it may be
recommended that less classifications are used for each variable, or that classifications
are combined. For example, analysis on the independent variable “continent” could be
conducted with the use of two classifications, namely the country in which the study is
conducted and “international.” Similarly, the four classifications of the independent
variable “age” could be condensed to two classifications in this study of undergraduates,
namely “traditional student (18-24 years old)” and “nontraditional student (<18 years old
or >24 years old).” It would also be recommended that the classifications for the
independent variable “income” be adapted to the expected demographics of the student
population. Due to the small population in this study, no control group was available. In
future large-scale studies, a control group could provide valuable insight into the
treatment impacts.
In this study, assignments were closed upon the due date, but still available for
viewing at a later date. Unfortunately, this allowed students completing the last
discussion forum to return to their response on the first discussion forum. Thankfully, this
appeared to significantly impact the response of only one student in this study. It is
recommended for future studies that researchers consider limiting access to past
discussion forum assignments to ensure future discussion forum response integrity.
With any study involving social justice topics and personal feelings, one must
keep in mind the current political and social climate the participants are exposed to. As
Zaller and Feldman (1992) explain, everything from the race of the interviewer to the
“priming effects” of television news to the “framing effects” of question wording and
question order can impact responses. They further explain that opinion research has
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found a large component of randomness in most people’s answers to survey questions,
referencing their study data showing only 45% to 55% of participants gave the same
answers to repeated interviews six months apart.
5.2.2

Implications for Online Math Instructors

In this study, a single subject matter was chosen for all of the discussion forums in
each course, namely the wage gap in College Algebra and healthcare in College Math.
Unfortunately, many students either (1) became fixated on the single topic rather than the
“big idea” or (2) were not open-minded to the particular topic chosen. In particular, many
students in College Algebra included some mention of the wage gap in their final
discussion of the meaning of learning math for social justice. Anecdotally, a few students
expressed their feeling of an “agenda” being pushed. While Gutstein’s 3 C’s framework
(Gutstein E. , Connecting Community, Critical, and Classical Knowledge in Teaching
Mathematics for Social Justice, 2007) provided a strong basis for discussion forum
prompt development, it could be hypothesized that providing a variation of topics beyond
those selected in this study in future research could expose students to more social justice
issues and serve better in furthering their understanding of learning math for social
justice.
Future research could also examine the impact integrating social justice issues
into online mathematics courses has on teacher and/or student satisfaction. Berry et al.
(2020) notes that the disconnection of topics and the focus on standards in traditional
math classrooms makes teachers feel discouraged about their impact on students. They
note a similar experience for students. Student engagement in an online learning
environment is an even greater challenge than in the traditional classroom since students
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have fewer ways to be engaged with the institution and perhaps greater demands on their
time (Meyer, 2014). Meyer summarizes her article by stating:
After a short review of engagement theory and the NSSE instrument, it becomes
clear why student engagement in online learning has been promoted as a way to
increase student retention in online coursework, which can help institutions
produce more college graduates.
Further research could be conducted to determine if the addition of social justice math
lessons could create a more meaningful and engaging online learning experience for
students and teachers.
5.2.3

Implications for Future Research

Throughout the conduction of this study, ideas for new and expanded research
arose. These ideas, discussed in the following paragraphs, include the collection of
follow-up data on students after involvement in the current study (or a study similar to
the current study) and the use of a variety of social justice topics in discussions. Lastly,
my personal experiences and future plans relating to the study are discussed.
First, having taken many courses and talked with others who have done the same,
it is known from personal experience that the passage of time impacts students’
appreciation of coursework. Many “challenging” or “frustrating” courses are later
remembered as very helpful for the level of learning provided. In connection with the
current study, it could be hypothesized that the later collection of social justice mindset
data from current participants could prove insightful in the long-term impact on their
social justice mindset. While students may express a lack of appreciation for being
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“forced” to learn about social justice outside of the traditional social science classroom at
the moment, the long-term impacts may show otherwise.
Second, as mentioned in the previous section, it would be recommended that
future research includes diverse topics in the social justice-based discussion forum
prompts. In this study, a single subject matter was chosen for all of the discussion forums
in each course, namely the wage gap in College Algebra and healthcare in College Math.
Unfortunately, many students either (1) became fixated on the single topic rather than the
“big idea” or (2) were not open-minded to the particular topic chosen. In particular, many
students in College Algebra included some mention of the wage gap in their final
discussion of the meaning of learning math for social justice. Anecdotally, a few students
expressed their feeling of an “agenda” being pushed. It could be hypothesized that
providing a variation of topics in future research would expose students to more social
justice issues and further their understanding of learning math for social justice.
Finally, this study has opened my eyes to the gaping holes in my own teaching. I
have always conscientiously tried to teach with various examples and real-world
connections, but have now become aware of how many of those examples and
connections were strictly from my own vantage point. Through the incorporation of
social justice topics and the resulting discussions, I have become more aware of issues
my students and others face.
I intend to employ the knowledge gained from this study in the future courses I
teach, both in the classroom and online. One method I have already begun implementing
in the classroom is the use of more inquiry-based learning. I am in the process of using
less of the traditional math learning format (e.g., presenting a textbook problem and
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working toward a textbook solution) and more student led learning (e.g., presenting
scenarios to students and letting their thoughts guide our path). Students are able to pull
from personal experiences and knowledge (i.e., the 3 C’s (Gutstein E. , Connecting
Community, Critical, and Classical Knowledge in Teaching Mathematics for Social
Justice, 2007)) to determine what information is needed and how to obtain it. I hope to
soon extend this method to the online setting through the group and forum features of our
learning management system. The group feature will allow students to work in small
groups to easily discuss ideas, while the forum feature can be used to allow all students in
the class to interact. Special care will be taken to best ensure this work is productive and
not simply unnecessary “busy work.”
In my new role as department chair, I intend to encourage the department faculty
to learn more about teaching math for social justice. My hope in sharing this knowledge
is that our department will become more informed and, therefore, provide a better
learning experience for our students. Ultimately, the goal would be for our students to
leave the (physical or digital) classroom with not only math skills, but many different
skills they can use in their life – skills that give them the power to “read and write the
world with mathematics” (Gutstein E. , Reading and Writing the World with
Mathematics: Toward a Pedagogy for Social Justice, 2006).
Learning math for social justice in the classroom is not a new topic. There are
many well-known researchers with strong research data in the classroom (e.g, Gutstein &
Peterson, 2013; Karaali & Khadjavi, 2019; Berry et al., 2020; Gutiérrez R., 2009; Boaler
J., 2015). However, the growing demand for online education, with the added challenge
of no in-person interaction, and thus potential loss of most all personal connection,
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requires further effort be applied to ensure high-quality, engaging, and meaningful
learning in settings beyond the classroom. Therefore, it is necessary that we further
research, study, and employ methods of learning math for social justice, not just in the
classroom or online, but in all modes of learning.
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APPENDICES

APPENDIX A. PRE-COURSE SURVEY
Note. The following questions were programmed into the online class allowing for
multiple-choice style selection of answers.
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This scale has been adapted with permission from the Learning to Teach for Social
Justice – Beliefs Scale.
Ludlow, L.H., Enterline, S., & Cochran-Smith, M. (2008). Learning to Teach for Social
Justice—Beliefs scale: An application of Rasch measurement principles. Measurement
and Evaluation in Counseling and Development, 20, 194-214.
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APPENDIX B. POST-COURSE SURVEY
Note. The following questions were programmed into the online class allowing for
multiple-choice style selection of answers.

This scale has been adapted with permission from the Learning to Teach for Social
Justice – Beliefs Scale.
Ludlow, L.H., Enterline, S., & Cochran-Smith, M. (2008). Learning to Teach for Social
Justice—Beliefs scale: An application of Rasch measurement principles. Measurement
and Evaluation in Counseling and Development, 20, 194-214.
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APPENDIX C. COLLEGE MATH MODULE OUTLINES, DISCUSSION FORUM
PROMPTS, AND EXAM QUESTIONS
College Math Module 1
Overview of Module 1 Content
Module 1 focuses on sets and their operations. Notable mathematical objectives for this
module are as follows:
•
•
•
•

Understand and apply set notation (Description form, roster form, set-builder
notation; Elements; Equal or equivalent sets; Cardinal number; Empty and
universal sets)
Identify and construct subsets (Subsets and proper subsets; Notation; Number of
distinct subsets)
Perform set operations (Complement of a set; Intersection and union of two sets;
Difference of two sets; Cartesian product of two sets)
Construct and interpret Venn diagrams with two or three sets

Module 1 Discussion Forum Prompt Based on Social Justice
Throughout the course, you will notice the discussion forums consist of a theme relating
to healthcare and wellness. In this class, we move beyond just focusing on math as its
own subject, and look at the connections it has with other areas of life and learning. As
you move from one discussion forum to the next, consider how your understanding from
previous forums impacts your thoughts on the subsequent forums. The purpose of the
forums is not political in nature. The goal is to practice using mathematical skills and
critical thinking to analyze and discuss the data presented.
1. The following Venn diagram shows the relationship between fitness and health.
Discuss what belongs in each region of the Venn diagram. Then state at least two life
circumstances that may require a person to focus more on one of these regions than the
other.

Figure C.1 College Math Discussion Forum 1 Venn Diagram
2. Discuss what the phrase "learning math for social justice" means to you.
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College Math Module 2
Overview of Module 2 Content
Module 2 focuses on the real number system and its operations. Notable mathematical
objectives for this module are as follows:
•
•
•
•

Identify the greatest common divisor and least common multiple of two or more
numbers (Distinguish prime and composite numbers; Find the prime factorization
of a given number; Use the prime factorization to find the GCD and LCM)
Perform basic operations on integers (Compare, add, subtract, multiply, and
divide two or more integers)
Perform operations including rational numbers (Convert between improper
fractions and mixed numbers; Convert between fractions and decimals; Add,
subtract, multiply, and divide fractions)
Perform operations including irrational numbers (Solve equations with irrational
solutions; Simplify radicals; Rationalize)

Module 2 Discussion Forum Prompt Based on Social Justice

Figure C.2 College Math Discussion Forum 2 Insurance Comparison
The image above shows the plan highlights (estimated monthly premium, deductible, and
out-of-pocket maximum) for three health insurance policies found on HealthCare.gov.
The estimated monthly premium is the amount the subscriber must pay each month for
the plan. The deductible is the amount the subscriber must pay for health care services
before the insurance plan starts to pay. The out-of-pocket maximum is the maximum
amount of money the subscriber would have to pay for health care services in a year.
Use the skills learned in this module to compare the plan highlights. That is, find the
difference in the cost of the monthly premium, the deductible, and the out-of-pocket
maximum for each pair of plans. Carefully explain at least two factors that may influence
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a person to choose one plan over another. Why might a person choose to not have health
insurance? State at least two ways this might affect their quality of life.
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College Math Module 3
Overview of Module 3 Content
Module 3 continues from Module 2 with a focus on the real number system and its
operations. Notable mathematical objectives for this module are as follows:
•
•
•

Identify illustrated properties of the real number system (Determine closure of a
subset of the real numbers under a given operation; Identify Commutative,
Associative, and Distributive properties)
Apply rules of exponents to simplify expressions (Use product rule, quotient rule,
zero exponent rule, negative exponent rule, and power rule to simplify
expressions including exponents)
Employ scientific notation in calculations (Convert between scientific notation
and decimal notation; Perform calculations with numbers written in scientific
notation)

Module 3 Discussion Forum Prompt Based on Social Justice
According to the Center for Medicare and Medicaid Services (CMS.gov), United States
healthcare spending for 2019 was approximately 3.8 trillion dollars. At the same time, the
United States population was approximately 327 million people. Write each of these
numbers in scientific notation. Then determine the average healthcare spending per
person in 2019 by dividing the total spending by the population. Give your answer in
standard form.
If a person without insurance was given the information above, state two ways it might
impact their decisions regarding health or healthcare. Then state at least two ways a
person’s income may affect their choices.
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College Math Module 4
Overview of Module 4 Content
Module 4 focuses on basic concepts in algebra. Notable mathematical objectives for this
module are as follows:
•
•
•
•
•

Perform calculations following the order of operations (Evaluate an expression for
a given value; Determine if a given number is a solution to the equation)
Solve linear equations in one variable (Solve linear equations in one variable;
Convert proportions into linear equations and solve)
Evaluate formulas for given values
Solve for a given variable in a formula
Construct and apply linear equations in one variable to solve real-world problems

Module 4 Discussion Forum Prompt Based on Social Justice
Monique lives 35 minutes from her doctor and works two jobs. Due to chronic health
issues, the doctor wants Monique to be seen in the office at least once every week. In
order to make it to her appointment on time, she must leave her first job 1 hour and 45
minutes early each time she has an appointment. If Monique goes to the doctor 4 times
this month and finds her pre-tax pay was reduced by $114.10 for the month, set up an
equation and solve to determine how much Monique makes per hour pre-tax. Discuss at
least two ways the distance and loss of income may impact Monique. Why might these
issues exist? State at least one way to improve Monique’s situation.

112

College Math Module 5
Overview of Module 5 Content
Module 5 focuses on basic concepts in geometry. Notable mathematical objectives for
this module are as follows:
•
•
•
•
•
•
•
•
•
•
•
•
•

Solve problems involving geometric notation
Calculate angle measures by constructing equations and solving
Classify polygons by number of sides
Calculate the measure of the interior angles of a polygon
Calculate missing side and angle measures using similar and congruent polygons
Calculate the perimeter and area of polygons
Apply the Pythagorean Theorem to right triangles
Calculate the circumference and area of a circle
Convert between square units (e.g., in2, ft2, yd2)
Calculate the volume and surface area of three-dimensional figure
Construct equations to solve real-world problems involving three-dimensional
figures
Calculate the volume of various polyhedron
Convert between cubic units (e.g., in3, ft3, yd3)

Module 5 Discussion Forum Prompt Based on Social Justice
According to nyc.gov, the population of New York City in 2019 was approximately 8.3
million people. The area of New York City is approximately 303 square miles. The
population of Louisville, KY in 2019 was approximately 770,000 people. The area of
Louisville, KY is approximately 398 square miles. Determine the average number of
people per square mile for each city.
At the peak of the COVID-19 crisis in New York City in April 2020, the COVID-related
death rate was approximately 800 people per day. As of December 2020, the entire
county containing Louisville (Jefferson County), had a cumulative total of just over 600
COVID-related deaths. Discuss how the population and area information provided in the
first paragraph, along with the average population you found per square mile, might play
into the impact of COVID-19 on a population. Discuss any effects living in a more or less
populated area might have on a person during this public health crisis.
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College Math Module 6
Overview of Module 6 Content
Module 6 focuses on consumer math. Notable mathematical objectives for this module
are as follows:
•
•
•
•
•
•
•

Convert between percent, fractions, and decimal numbers
Calculate percent change and percent markup (markdown)
Construct equations to solve real-world problems involving percent
Apply the simple interest formula to real-world problems
Apply the United States Rule to a loan with partial payments
Apply the Banker’s Rule to a loan with time measured in days
Apply the compound interest formula to real-world problems

Module 6 Discussion Forum Prompt Based on Social Justice
Monique (from Module 4) has begun receiving large bills from her medical expenses.
Each bill states the total amount she owes after insurance and the minimum amount she
must pay in order to avoid being turned over to a collection agency. She calls to speak to
a billing person who encourages her to only pay the minimum amount each month as the
interest rate “isn’t that high.” Monique has been working overtime and is able to pay
more, but chooses to listen to the billing person and only pay the minimum amount.
Based on what you have learned in this module, what advice would you give to
Monique? Carefully explain your answer in complete sentences.
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College Math Module 7
Overview of Module 7 Content
Module 7 continues from Module 6 with a focus on consumer math. Notable
mathematical objectives for this module are as follows:
•
•
•
•
•
•
•

Calculate the monthly payment for an installment loan
Calculate the APR for an installment loan
Calculate the minimum monthly payment for a credit card
Calculate the finance charges using the previous balance method
Calculate the finance charges using the average daily balance method
Calculate the cost of obtaining a cash advance on a credit card
Calculate various expenses in a homeowner’s mortgage (Calculate down
payment; Calculate amount to be financed; Calculate cost of points; Calculate
maximum monthly payment allowable by bank; Calculate total monthly mortgage
payment; Determine if borrower qualifies for mortgage; Calculate total amount
paid for house; Calculate total interest paid; Calculate amount of first payment
applied to principal)

Module 7 Discussion Forum Prompt Based on Social Justice
A report released in 2015 by the Consumer Financial Protection Bureau looked at the
number of Americans who were “credit invisible,” meaning they had no records with
credit reporting agencies, and the percentage who were un-scorable, meaning they had
insufficient records to generate a credit score.
•

According to the report, as of 2010, approximately 15% of African Americans
and Latinos were deemed credit invisible, compared to 9% of whites and Asian
Americans.

•

In addition, 13% of African Americans and 12% of Latinos were un-scorable,
compared with 7% of whites.

Based on what you have learned in this module, what impact might the “credit invisible”
and “un-scorable” statuses have on an individual seeking a credit card or loan? How
might this impact their health or way of living?
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College Math Module 8
Overview of Module 8 Content
Module 8 focuses on the metric system and unit conversions. Notable mathematical
objectives for this module are as follows:
•
•
•
•
•
•
•
•
•

Convert between units within the metric system
Select the appropriate metric unit to measure length, area, or volume
Perform conversions between metric volume of liquids and solids
Solve real-world volume problems involving metric units
Select the appropriate metric unit to measure mass
Perform conversions between solid volume, liquid volume, and mass of water in
the metric system
Convert between Celsius and Fahrenheit
Convert length, area, volume, and mass between the U.S. customary system and
the metric system
Solve real-world problems involving conversion between the U.S. customary
system and the metric system

Module 8 Discussion Forum Prompt Based on Social Justice
1. Many cases are documented each year of patients negatively impacted by mistakes in
drug administration. Dosages may be measured in such units as grams or grains,
milliliter or ounces, caplets or capsules. With medical staff administering multiple
medications to multiple patients multiple times each day, mistakes are inevitable.
Medications administered at home also vulnerable to being given in the incorrect
dosage or at the incorrect time.
According to the 2019 Current Population Survey, immigrants and their U.S.-born
children now number approximately 90 million people, or 28 percent of
the overall U.S. population. With most all countries beyond the United States using
the metric system, what additional challenges might an immigrant face when
interacting with drug dosages in the United States? How might this adversely affect
their healthcare? Give at least one suggestion to lessen the possibility of mistaken
drug administration for immigrants.
2. Discuss what the phrase "learning math for social justice" means to you.
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APPENDIX D. COLLEGE ALGEBRA MODULE OUTLINES, DISCUSSION FORUM
PROMPTS, AND EXAM QUESTIONS
College Algebra Module 1
Overview of Module 1 Content
Module 1 focuses on exponents, radicals, scientific notation, and factoring. Notable
mathematical objectives for this module are as follows:
•
•
•
•
•
•

Apply the rules of exponents
Convert between decimal and standard notation
Simplify and combine expression with radicals and rational exponents
Add, subtract, and multiply polynomials
Recognize special forms of polynomials
Factor polynomials completely

Module 1 Discussion Forum Prompt Based on Social Justice
Throughout this course the weekly discussion modules will maintain a theme while
relating to the concepts covered. Each module in this term will relate to the issue of pay
gaps. You will be asked not only to use the mathematical concepts covered in class, but
to think deeply about what information you can uncover through the use of this
knowledge. As you move from one discussion forum to the next, consider how your
understanding from previous forums impacts your thoughts on the subsequent forums.
The purpose of the forums is not political in nature. The goal is to practice using
mathematical skills and critical thinking to analyze and discuss the data presented.
In this module, you learned how to work with very large and very small numbers through
the use of scientific notation. This discussion will allow you to use that knowledge in
comparing the wealth of some of the richest Americans to the average U.S. family
income.
You will search online for the net worth of one of America’s richest people (e.g., Jeff
Bezos, Bill Gates, Warren Buffett, Elon Musk). You will then provide the link to the site,
state the individual’s name, and write their net worth in scientific notation.
Next you will search online for the median household net worth in American. Provide the
link to the site and write the value in scientific notation.
Determine how many times greater the net worth of your chosen person is compared to
that of an average household by dividing the first value found by the second. Discuss why
you think this difference might exist.
Discuss what the phrase “learning math for social justice” means to you.
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College Algebra Module 2
Overview of Module 2 Content
Module 2 focuses on the coordinate plane, graphs, lines, and quadratic equations. Notable
mathematical objectives for this module are as follows:
•
•
•
•
•
•
•
•
•
•
•
•

Describe and sketch regions on the coordinate plane
Determine the distance between two points on the coordinate plane
Determine the midpoint between two points on the coordinate plane
Graph equations in two variables
Identify equations of circles
Determine the center and radius of a circle presented in equation form
Determine any symmetry of a graph by testing the equation
Determine the slope of a line
Express and recognize linear equations in various forms
Graph linear equations
Solve quadratic equations
Model with quadratic equations

Module 2 Discussion Forum Prompt Based on Social Justice
In this module, we will discuss the difference between the “controlled gender pay gap”
and the “uncontrolled gender pay gap.” Namely, the “uncontrolled gender pay gap”
measures median salary for all men and all women regardless of job type, seniority,
location, industry, years of experience, etc. while the “controlled gender pay gap”
measures pay for men and women with the same job and qualifications.
Study the figure below. Discuss the slopes of the lines that represent each pay gap (e.g.,
Are they increasing? Decreasing? Staying the same? How do the slopes compare to one
another?). Discuss what this means for the income of women compared to mean. Discuss
your thoughts on this gap.
Source: PayScale.com, The Gender Pay Gap Over Time
(https://www.payscale.com/data/gender-pay-gap)
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Figure D.3 College Algebra Discussion Forum 2 Gender Pay Gap Graph
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College Algebra Module 3
Overview of Module 3 Content
Module 3 focuses on complex numbers, solving various equations, and absolute values.
Notable mathematical objectives for this module are as follows:
•
•
•
•
•
•
•
•
•

Perform arithmetic operations on complex numbers
Determine complex solutions of quadratic equations
Solve polynomial equations
Solve equations involving radicals
Solve equations of quadratic type
Apply methods of solving equations to real-life problems
Solve linear and nonlinear inequalities
Model with inequalities
Solve absolute value equations and inequalities

Module 3 Discussion Forum Prompt Based on Social Justice
Xin owns a business with 100 employees. He is downsizing his workforce and has
determined for every two employees he terminates he can increase the pay of the
remaining employees by $2000 each. He currently has 100 employees with an average
pay of $50,000 each. Calculate the maximum amount his payroll could be if he begins
terminating employees (i.e. find the maximum of the quadratic equation you create with
the given information).
Xin realizes his employees’ salaries are actually spread out over a large range, most of
which vary greatly from the average of $50,000. List at least 5 factors that could affect
the wages each of his employees receive. Discuss whether you feel a difference in wages
is appropriate for each of the five factors you listed.
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College Algebra Module 4
Overview of Module 4 Content
Module 4 focuses on functions, graphs of functions, linear functions, and models.
Notable mathematical objectives for this module are as follows:
•
•
•
•
•
•
•
•

Evaluate functions represented algebraically
Determine the domain of a function in algebraic form
Represent a function in various forms
Graph various types of functions
Determine if a graph or algebraic expression represents a function
Identify and graph linear functions
Determine the slope and rate of change for a function
Make and use linear models

Module 4 Discussion Forum Prompt Based on Social Justice
As we saw in a previous module, women earned 82 cents for every dollar earned by men
in 2021. This is true when comparing the amount earned from white women to white
men. However, the pay gap differs when considering other races and ethnic groups. In
2021, American Indian and Alaska Native women earned 69 cents to every dollar earned
by white men; Hispanic and Pacific Islander women earned 76 cents to every dollar
earned by white men; Black or African American women earned 77 cents to every dollar
earned by white men; Asian women earned 95 cents to every dollar earned by white men.
Use the information above to set up functions to calculate the expected pay for American
Indian/Alaska Native women, for Black/African American women, and for Asian women
based on the pay of a white man. If the average white man was found to earn $20,000 in a
rural area, $50,000 in a suburban area, and $80,000 in an urban area, use the functions
you created to calculate the expected women’s pay for each ethnic group in each location.
Then plot the points all on one graph using the following guidelines:
- Label your x-axis as location and mark rural, suburban, and urban.
- Label your y-axis as income and mark in $10,000 increments ($0, $10000, $20000,
$30000, …)
- Plot one point above rural for white men, one point above suburban for white men,
and one point above urban for white men. Then connect these three points. Repeat this
process for each of the other three groups (American Indian/Alaska Native women,
Black/African women, Asian women).
Discuss the resulting graph. Why do you think these differences might exist?
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(Note. These values illustrate the “uncontrolled gender pay gap” which measures median
salary for all men and all women regardless of job type, seniority, location, industry,
years of experience, etc. The “controlled gender pay gap” which measures pay for men
and women with the same job and qualifications is much smaller, but still exists. Visit the
website provided below for more information.)
Source: PayScale.com, A Deeper Drive into the Gender Pay Gap
(https://www.payscale.com/data/gender-pay-gap)
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College Algebra Module 5
Overview of Module 5 Content
Module 5 focuses on transformations of functions, combining functions, and one-to-one
functions. Notable mathematical objectives for this module are as follows:
•
•
•
•
•
•
•

Perform various operations on given functions including shifting, reflecting,
stretching, and shrinking
Identify even and odd functions
Perform algebraic operations on functions
Find the composition of functions
Identify one-to-one functions represented algebraically or graphically
Find the inverse of a function
Graph the inverse of a function

Module 5 Discussion Forum Prompt Based on Social Justice
According to Census.gov, in 2019 there were approximately 2.7 million people working
at janitors and building cleaners. Approximately 11% of these were classified as having
at least one disability. The most common disability types for workers were ambulatory,
hearing, cognitive, and vision.
Let 𝑓(𝑑) = 𝑑 ∗ 0.30 where d represents the total number of janitors and building cleaners
working with a disability. Let 𝑑 = 𝑔(𝑗) = 𝑗 ∗ 0.11 where j represents the total number of
janitors and building cleaners. Find the function 𝑓(𝑔(𝑗)). If 𝑓(𝑑) gives the number of
janitors and building workers who have an ambulatory disability, and 𝑔(𝑗) represents the
number of janitors and building cleaners with a disability, what does 𝑓(𝑔(𝑗)) represent?
Find 𝑓(𝑔(𝑗)) for 2019.
The article cited below from Census.gov states the following:
Overall, workers with a disability earn less than workers who do not have
a disability.
Yet, depending on the types of work they do, much of the difference in median
earnings disappear.
Today, a record 9 million people with a disability work. While these workers, age
16 and older, are spread throughout the labor force, workers with a disability tend
to concentrate in certain jobs depending on their age and particular disability.
Discuss the wage gap that results for workers with disabilities versus those without
disabilities.
Source: https://www.census.gov/library/stories/2019/03/do-people-with-disabilities-earnequal-pay.html
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College Algebra Module 6
Overview of Module 6 Content
Module 6 focuses on polynomial and rational functions. Notable mathematical objectives
for this module are as follows:
•
•
•
•
•
•
•
•

Graph quadratic functions
Find the maximum or minimum value for quadratic functions
Model with quadratic functions
Use end behavior, zeros, shape, and local extrema to graph polynomial functions
Perform long division and synthetic division on polynomials
Apply the Remainder and Factor Theorems
Determine vertical, horizontal, and slant asymptotes
Graph rational functions

Module 6 Discussion Forum Prompt Based on Social Justice
The Mincer earnings function is a model that explains wage income as a function of
schooling and experience. It is written ln 𝑤 = 𝑓(𝑠, 𝑥) = ln 𝑤0 + 𝜌𝑠 + 𝛽1 𝑥 + 𝛽2 𝑥 2 ,
where w is earnings, w0 is the earnings of someone with no education and no experience,
s is years of schooling, and x is years of potential labor market experience. The Mincer
earnings function is a quadratic function similar to those we studied in this module. (We
will learn about the natural log, ln, in the next module.)
The Mincer equation suggests that each additional year of education produces a private
(i.e. individual) rate of return to schooling of about 5–8% per year, ranging from a low of
1% to more than 20% in some countries. Based on this information, explain how access
to – or the lack of access to – education could affect a person and their lifetime earnings.
State at least two long-term impacts this could have on a person’s life.
Sources:
https://en.wikipedia.org/wiki/Mincer_earnings_function
https://wol.iza.org/uploads/articles/278/pdfs/estimating-return-to-schooling-usingmincer-equation.pdf
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College Algebra Module 7
Overview of Module 7 Content
Module 7 focuses on exponential and logarithmic functions. Notable mathematical
objectives for this module are as follows:
•
•
•
•
•
•
•
•

Understand and graph exponential functions
Apply the compound interest formula
Evaluate and graph with the natural exponential function
Apply the continuously compounded interest formula
Understand and graph logarithmic functions
Understand common logarithms and natural logarithms
Apply the laws of logarithms
Apply the change of base formula

Module 7 Discussion Forum Prompt Based on Social Justice
In this module, you learned about exponential functions. A common application of
exponents deals with exponential growth. Suppose Marquisha begins a job with a
company earning $50,000 per year with guaranteed pay increases of 3% per year. Her
pay n years from now can be calculated by multiplying $50,000 by 1.03 raised to the nth
power (that is, 𝑓(𝑛) = 50000 ∗ 1.03𝑛 ). Suppose Daniel begins a job at the same
company at the same time earning $60,000 per year with guaranteed pay increases of 3%
per year. His pay n years from now can be calculated in the same manner as Marquisha
replacing her salary with his.
Determine how much each person will be earning after ten years working for the
company. Is the difference in salary still $10,000? Why or why not? What long-term
impacts result from starting at a higher salary?
(Source: PayScale.com, The State of the Gender Pay Gap 2020)
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College Algebra Module 8
Overview of Module 8 Content
Module 8 focuses on exponential and logarithmic equations and systems of linear
equations. Notable mathematical objectives for this module are as follows:
Solve exponential and logarithmic equations
Consider further applications of compound interest
Compute exponential growth and decay
Compute radioactive decay
Apply Newton’s Law of Cooling
Set up and solve linear systems of equations using various methods
Model with linear systems of equations
Module 8 Discussion Forum Prompt Based on Social Justice
You have now participated in seven discussions illustrating how algebraic concepts can
be used to better understand various pay gaps. In this discussion, you will express any
culminating thoughts you have.
Discuss what the phrase “learning math for social justice” means to you.
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